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Dairy cattle improvement currently depends on the emphasis placed 
upon increasing milk yield via selection. The type of yield selection 
that takes place is not uniform worldwide; some countries, and even 
regions within countries, place differential selection intensity on the 
volume of protein, butterfat, solids-not-fat, and fluid carrier, and the 
percent composition of these milk constituents. Selection is applied 
for other traits, breed characteristics and physical conformation among 
them, but the importance of yield is universally appreciated. 
Little effort is exerted to select for improved female fertility. 
Some argue that only fertile females reproduce; therefore, natural 
selection keeps fertility deterioration at bay. Others suggest that 
natural selection over many millennia has left so little genetic varia­
tion for fertility that artificial selection would be futile. 
Research, particularly that of Berger et al. (1981), has indicated 
that a substantial genetic antagonism may exist between high yield and 
desirable fertility. Since yield is stressed so heavily in dairy cattle 
evaluation, possible correlated responses in fertility should be gauged. 
If antagonism is great, then fertility could reach undesirably low levels 
which may be counterproductive to efforts to maximize the economic 
returns of dairymen. 
This study was undertaken to determine if the results of Berger 
et al. (1981) could be confirmed in an independent set of data. The 
association of yield and fertility for dairy cattle from the northeast 
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region of the United States were investigated. Also, efforts were made 
to shed light on the significance of a possible antagonistic relationship 
between yield and fertility for application in selection programs. 
Consistently throughout the text, "yield" and "fertility" are used 
to refer to the amount of milk secreted and capability to impregnate. 
Many other terms can be used, notably "production" and "reproduction", 
but "yield" and "fertility" were selected because they are distinct, 
descriptive, and relatively short in length. The various observed values 
of yield and fertility for each cow will be referred to as "measures" 
rather than the customary "traits", since many of the observed values 
may actually be different measures of the same trait. The various 
measures of yield and fertility will be evaluated for their ability to 
quantitate and express yield and fertility variation. 
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REVIEW OF LITERATURE 
The opinion that high yield in dairy cattle results in hindered 
fertility is not of recent origin, as is evidenced by the following 
passage from Eckles (1929): 
"In recent years the opinion has been held 
by a large number of dairy cattle breeders that 
difficulties with breeding, especially sterility, 
accompany high milk production. The evidence upon 
which this conclusion is based is the experience 
that a considerable number of cows prove to be sterile 
after making high records. Breeders of highly 
developed purebred herds have also had the 
impression that difficulties with breeding have 
increased in recent years. As the level of pro­
duction has also increased during the same inter­
val, the conclusion has been drawn that the two 
bear the relation of cause and effect. 
Many cows making an exceptional record are 
already at the age when a significant proportion 
of cows, regardless of their producing ability, 
are discarded as non-breeders. When a cow has 
made a great record, on account of her value the 
owner is extremely anxious to obtain offspring 
and if this is not realized great disappointment 
is experienced and the fact that she has become 
sterile is given wide publicity. Undue attention 
is thus drawn to animals that become non-breeders 
following a point of high production." 
Eckles (1929) continued by presenting data from the University of 
Minnesota herd for a 27 year period. During this period, average annual 
yield per cow nearly doubled, increasing from 264 lbs butterfat for 1900 
to 1904 up to 500 lbs in 1925 to 1927. Fertility was not adversely 
affected. That the suspected association of yield and fertility may 
simply represent dairyman irritation was further explained by Eckles 
(1929); 
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"In a purebred herd are certain cows the 
offspring of which would be especially valuable 
for breeding purposes. When one of these cows 
becomes sterile the owner keeps her for a long 
period hoping to get offspring. In a farmer's 
herd a cow developing the same trouble would be 
sold shortly and forgotten." 
The significance of Eckles' remarks should not be underestimated; the 
owners of well-managed and production-tested herds during the latter 
portion of this century may experience the same sort of irritation felt 
by purebred dairymen of the 1920s. It appears that dairyman anxiety 
regarding a conflicting association of yield and fertility has been voiced 
since records of yield have been collected. The concern is not new. 
Contradictory research reports have contributed to confusion. Two 
straightforward studies based on herdmate deviations and herd size serve 
as examples. Spalding et al. (1975) reported that cows with milk yields 
more than 2,000 lbs above herdmates were 20.5% poorer in first service 
conception than cows that were 2,000 lbs below herdmates. Furthermore, 
as herd size increased, dairymen experienced a decrease in conception 
rate. In a larger and more recent study, Laben et al. (1981) found that 
herds with high average yields had much shorter intervals to postpartum 
breeding and fewer days open. Excellent management required for high 
yield appeared to effectively reduce the number of days on the average 
that cows are open. Also, no distinct trends were detected as herd 
size increased. 
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Reasons for Disposal 
Burnside et al. (1971) summarized six studies concerned with 
reasons dairy cows are disposed. For all studies either low yield or 
fertility problems was the major cause of voluntary removal, with low 
yield ranking highest for most breeds in most studies. For Canadian 
Holsteins, Burnside et al, (1971) found 15.5% of disposals were yield 
related, whereas 20.8% were due to breeding problems. 
O'Bleness and Van Vleck (1962) reported that 27% of New York dis­
posals were due to low yield and 16% were due to fertility problems. 
The importance of dairymen's freedom to cull for low yield was emphasized. 
By culling for low yield, dairymen increase the average annual milk sales 
for the cows remaining in their herds. 
Among Swedish dairy herds nearly 30% of all culled cows were 
disposed due to fertility disorders (Janson, 1980a). Collectively, the 
numerous studies of disposals showed that fertility problems accounted 
for 13% to 30% of voluntary removals. 
Maijala (1964) specified nine ways by which poor fertility influ­
ences the economics of milk yield: 1) longer calving intervals result 
in lower yield per time unit, 2) increased veterinary expense, 3) addi­
tional breeding costs, 4) more replacements needed, 5) lower average 
yield due to a higher percentage of young cows in herd, 6) greater 
feedstuff requirements to grow replacements, 7) less definite time 
period of subsequent calving, 8) fewer offspring for beef production, 
and 9) fewer offspring can be merchandized. 
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The importance of fertility to the economics of dairy production 
seems apparent. 
Parameters of Fertility Variation 
Maijala (1964) reviewed repeatability and heritability estimates of 
number of services per conception and calvinq interval for studies from 
1931 to 1957. Weighted averages of these estimates were .077 (repeat­
ability) and .032 (heritability) for number of services, and .123 
(repeatability) and .033 (heritability) for calving interval. 
Heritability estimates obtained by Pou et al, (1953) were .07 for 
both number of services and days from first breeding to conception, 
with repeatabilities of .12 and .11 for the two traits, respectively. 
They deduced that selection for improved fertility would not be very 
effective and that greater progress would result from selection for 
other traits of economic importance which have higher parameter values. 
Dunbar and Henderson (1953) estimated heritabilities for nonreturn 
rate for first service (.004) and calving interval (zero). Conclusions 
were that genetic variance was essentially zero and that any marked 
improvement in fertility must be brought about by improvement of the 
environment which influences fertility. 
Measuring 210 cows for days from calving to first estrus. Olds and 
Seath (1953) calculated an estimate of repeatability (.29) and a non­
significant heritability estimate (.27) for single records. Data were 
from a single herd. Carman (1955) also measured days to first estrus 
but obtained negative heritability estimates for each of two herds that 
were analyzed separately. Days open and number of services both had a 
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heritability estimate of .08 in one herd, but negative estimates in the 
other herd. Selection for fertility was deemed to be ineffective. 
Legates (1954) examined fertility records for 12 institutional herds 
and concluded that the application of genetic principles of selection 
for fewer services or shorted calving intervals had little to offer 
dairy cattle breeders. 
Using a curious measure of fertility, Wilcox et al. (1957) analyzed 
what was the equivalent of the reciprocal of each cow's average calving 
interval. Uncustomarily, all first lactation records were discarded. 
Heritability was estimated for fertility (.32), but the study included 
daughters of only six sires in one herd. 
Inskeep et al. (1961) obtained the breeding records of 41 member 
herds from an artificial insemination cooperative and estimated the 
heritability of conception rate at first service (.085). Smith and 
Legates (1962) reported the heritability of days open was .01 for first 
lactations in nine institutional herds. 
Norwegian Red cows were evaluated by Odegard (1965) and heritability 
estimates obtained for days from calving to first estrus (.13), strength 
of heat (.05), calving interval for first lactation (.05), and calving 
interval for second lactation (zero). Odegard (1965) asserted that 
even though most heritability estimates for fertility in the literature 
did not significantly differ from zero, the majority of the estimates 
showed slight positive values which indicated that a real heritability 
existed, He concluded, however, that only slight response to selection 
could be anticipated. 
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Johnson and Everson (1966) reported heritabilities for days from 
first breeding to conception of .189 (standard error .156) and for number 
of services of .202 (standard error .149) for first lactation Holsteins. 
Corresponding heritability estimates for Jerseys were .053 and .013, 
respectively, for days from first breeding to conception and number of 
services. 
Numerous measures of fertility were evaluated by Everett et al. 
(1966), and heritabilities were estimated to be approximately .05 for 
all measures. Miller et al. (1967) reported heritabilities for calving 
interval (.04) and herd life (.04). 
Schaeffer and Henderson (1972) computed heritabilities for days open 
for first (.02), second (.04), and third (-.00) lactations in one of the 
first studies with a great amount of field data. A large Danish study 
(Hansen, 1978) obtained heritability estimates of calving interval for 
Red Danish cattle (.096), Danish Friesians (.030), and Danish Jerseys 
(.031). 
Kragelund et al. (1979) analyzed records of 6,782 Israeli Friesian 
cows and estimated the heritability for days open was .06. Although the 
heritability was small, Kragelund et al. (1979) suggested that it still 
may be possible to at least prevent a deterioration of fertility. 
Selection for fertility would of course be at the expense of progress in 
yield. Also working with Israeli records, Bar-Anan et al. (1980) 
estimated the heritability of nonreturn rate to be approximately .01 and 
of conception rate to be .035. 
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Using many measures of fertility for 45,649 Swedish Friesian and 
Swedish Red and White cows, Janson (1980b} found heritabilities for all 
measures were from .01 to .02. Despite these low heritabilities, 
Janson (1980b) suggested that the progeny testing of bulls permits the 
evaluation of bulls for their daughter's fertility. The economics of 
this suggestion were not investigated. 
Berger et al. (1981) analyzed 72,187 records of cows in 201 herds 
of California" Hoi steins and reported heritabilities of days to first 
breeding (.04), days to last breeding (.04), days open (.02), and 
number of services (.01) for first lactations. They commented that 
genetic progress from selection was dependent on the amount of additive 
genetic variation and that this should be considered when recommending 
potential selection criteria. 
Philipsson (1980) expressed concern that past conclusions concern­
ing the importance of fertility had been derived by simply examining 
heritability estimates, rather than by considering the expected response 
to selection. Furthermore, Philipsson (1980) pointed out that in popu­
lations where selection is based primarily on progeny tests, conclusions 
should depend on the expected accuracy of sire evaluation instead of on 
heritability estimates which apply only to mass selection. 
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Parameters of Yield Variation 
The literature is replete with estimates of genetic parameters and 
components of variances for measures of dairy cattle yield. Estimates 
are in general agreement, and space limitations preclude the review of 
all reports concerning yield variation. 
Parameter estimates of yield were overviewed by Maijala and Hanna 
(1974) for studies reported from 1958 to 1972. Repeatabilities of 
lactation milk for single lactation intervals averaged .486, two lacta­
tion intervals averaged .456, and three lactation intervals averaged 
.389. Repeatabilities of lactation fat were similar to milk estimates 
for single lactation intervals (.489), two lactation intervals (.433), 
and three lactation intervals (.341). Butcher and Freeman (1968) 
observed that the relationships between consecutive lactations increased 
gradually as animals got older, and the relationships between noncon-
secutive lactations decreased gradually as the lactations become more 
separated in time. 
Additionally, Maijala and Hanna (1974) calculated weighted averages 
of reported heritabilities for first lactation milk (.25) and butterfat 
(.23). Heritabilities decreased with progressive lactations, averaging 
.17 for both milk and fat yields in third lactation. Heritabilities 
increased as level of milk yield increased*, weighted averages of esti­
mates ranged from .19 for the lowest of five yield levels to .36 for 
the highest level. Phenotypic correlations between milk and fat 
averaged .88, and the genetic correlations averaged .82. 
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Berger et al. (1981) computed fat-corrected milk (FCM) heritabili-
ties for cumulative yields at 60, 180, and 305 days of lactation. The 
heritability estimates for first lactation were .21 for 60-day FCM, 
.25 for 180-day FCM, and .24 for 305-day FCM; estimates were near 
reported milk and fat heritabilities. 
Effects of Days Open on Yield 
Mahadevan (1950) reported that records of lactation yield should be 
adjusted for the length of the preceding calving interval. A positive 
correlation between milk yield and length of preceding calving interval 
was confirmed. The optimum length of preceding calving interval to 
maximize average daily yield was 400 days for first lactation and 365 
days for subsequent lactations. 
Smith and Legates (1962) said that the relationships between 305-
day yield and concurrent days open could be assumed largely due to the 
influence of gestation on yield. Number of days open accounted for 6.5% 
of the variation in concurrent 305-day milk yield. Pregnancy, especially 
during the later part of lactation, was accompanied by a marked 
depression in milk yield. 
Differences in days open accounted for 3.5% to 4.5% of the intra-
sire variation in milk yield for Canadian Holsteins (Wilton et al., 1967). 
Preceding days dry accounted for 4.8% of the intra-sire variation in 
milk yield for second lactation, but only 0.6% for later lactations. 
Gill and Allaire (1976) concluded that fewer days open were more 
detrimental than more days open when maximizing lifetime performance. 
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A 400 day calving interval was recommended. Iowa Hoi steins averaged 
395 days for calving interval in 1978 (Voelker, 1980). 
Young (1977) speculated on the importance of calving intervals In 
the future: 
"I often wonder whether the 12-month calving 
interval is really a sound recommendation for the 
modern cow. Personally, I suspect, that a few 
years hence, we may look back with some degree of 
amusement regarding all the fuss about getting cows 
bred back in such a hurry. 
This is likely to be especially true of cows 
in their first lactation. Most cows are especially 
persistent during their first lactation. For this 
reason, some delay in rebreeding is not likely to 
result in an extended period of low production at 
the end of the lactation." 
When the effects of days open for current and following lactation 
yields were considered, Bar-Anan and Sol1er (1979) found highest pro­
ductivity per day was achieved when first lactation cows in high yield­
ing herds were allowed at least 70 days open. Days open up to 180 had 
little effect on average daily yield in first lactation for moderate 
yielding herds. Yields for later lactations were highest for those 
cows conceiving within the first 100 days postpartum. 
Olds et al. (1979a) estimated that each additional day open resulted 
in 4.5 kg more 305-day milk. Smith and Legates (1962), Wilton et al. 
(1967), Schaeffer and Henderson (1972), and Oltenacu et al. (1980) all 
recommended correcting 305-day yields for concurrent days open. 
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Relation of Yield and Fertility 
Olds and Seath (1953) estimated the phenotypic correlation (.095) 
between 120-day FCM and days from calving to first estrus. Boyd et al. 
(1954) detected no indication that 120-day FCM was incompatible with 
satisfactory fertility as measured by number of services. Carman (1955) 
found that days from calving to first estrus showed little or no rela­
tionship with yield, but days to conception increased with yield for the 
two herds considered. 
Touchberry et al. (1959) evaluated Red Danish cattle and concluded 
that there was no real biological relationship between number of services 
and 305-day fat yield. Odegard (1965) studied records of Norwegian Red 
cattle and found no significant association of peak yield and calving 
interval. 
Everett et al. (1966) reported that the phenotypic relationships 
of 120-day milk yield with various measures of fertility were essentially 
zero; genetic correlations involving the same measures were estimated as 
approximately .50. Presumably, high yield cows received better 
environments for fertility than low yield cows. Notwithstanding the 
relatively large genetic correlations (.50), Everett et al. (1966) 
concluded, "... since the heritabilities of breeding efficiency were 
near zero, selection for 120-day lactation production or breeding 
efficiency would prove fruitless in increasing or decreasing breeding 
efficiency." 
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Miller et al. (1967) assessed the consequences of a large genetic 
correlation (approximately .50) which was detected for 305-day milk 
yield and calving interval. They judged the estimated genetic correla­
tion to be of little consequence since the genetic variation of calving 
interval was such a small part of phenotypic variation. 
Foote (1970) reviewed previous studies and summarized: 
"Thus, overall it appears that selection of 
highly productive cows without conscious emphasis 
on fertility will not lead to a population with 
markedly altered ability to reproduce. At the same 
time management for high fertility is important 
in maintaining high production because low fertility 
leading to abnormally long calving intervals will 
decrease production." 
Field data on Dutch Friesians showed no significant phenotypic or 
genetic relationships of average daily yield with numerous measures of 
fertility (Metz and Politiek, 1970). Whitmore et al. (1974) analyzed a 
research herd of Hoi steins at the University of Wisconsin and uncovered 
longer intervals from calving to first estrus for cows with genetics for 
high yield compared to those of low yield in a single herd; however, 
no difference between cows of high and low genetics were observed for 
days open, conception rate, or number of services. 
Matsoukas and Fairchild (1975) regressed several measures of 
fertility on 305-day FCM that was adjusted for age and days open and 
detected some indication of slight antagonism between yield and 
fertility. Francos and Rattner (1975) obtained a significant phenotypic 
correlation (.298) between 305-day FCM and days open. Using peak yield. 
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S lama et al. (1976) found no significant affect of yield on calving 
interval. 
Daily milk yield, days to first breeding, number of services, and 
calving interval were evaluated by Holtz et al. (1976) for 61,109 
Hoi stein lactations. Phenotypic correlations of yield and fertility 
were judged low {.07 to .14), suggesting that high daily yield was not 
detrimental to fertility. 
Hansen (1978) analyzed 32,100 first lactation records for three 
Danish dairy breeds. Respective phenotypic and genetic correlations of 
milk yield and calving interval were .19 and .70 for Red Danish cows, 
.16 and .65 for Danish Friesians, and .16 and -.19 for Danish Jerseys. 
Olds et al. (1979a) obtained phenotypic correlations of fertility 
with 120-day and 305-day milk yields. Correlations of various measures 
of fertility with 120-day yield ranged from .02 to .06, while those with 
305-day yield ranged from .13 to ,21. 
Kragelund et al. (1979) defined yield as FCM per milking day from 
calving to dry-off and uncovered a genetic correlation of .72 between 
yield and days open for Israeli Friesians. Even though selection for 
yield alone may lead to lowered fertility, Kragelund et al, (1979) 
warned that selection for fertility would be at the expense of yield 
selection. 
Laben et al. (1981) determined that high yield had a small but real 
depressing effect on fertility; however, herds with high yield overcame 
the depression by good management. The same data source permitted 
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Berger et al. (1981) to estimate genetic correlations of three measures 
of yield (60, 180, and 305-day FCM) and five measures of fertility. 
For every measure of fertility the genetic correlation increased with 
the number of days comprising the yield measurement. Genetic correlations 
of measures of fertility with 60-day FCM were from .36 to .47, with 120-
day FCM were .40 to .53, and with 305-day yield were .48 to .62. 
Discussing research results. Smith and Legates (1962) concluded 
that even if the genetic correlation between yield and fertility was 
1.00, this would have little practical importance since the additive 
genetic variance of fertility was extremely small. 
Response in Selection Experiments 
Cooperating institutions of the North Central Regional Project 
NC-2 conducted experiments which were designed to measure the direct 
and correlated responses to milk yield selection. Typically each 
research institution split a herd of Holstein cattle into two genetic 
groups. The genetic groups were managed and housed together as a single 
herd, but were kept genetically distinct for milk producing ability. 
One group was mated with top bulls for milk yield, whereas the other 
group was mated to bulls of average or low milk yield. Results of the 
NC-2 projects appear to be in remarkable agreement, especially since 
only a single herd was involved at each location. 
Measuring incidence of health disorders, Shanks et al. (1978) 
determined the high yield group at Iowa State University did not have 
greater reproductive problems compared to an average yield group. 
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Mahanna et. al. (1979) analyzed veterinary costs at the University of 
Wisconsin and observed that the genetic groups did not differ signifi­
cantly for reproductive expenses. 
Hansen et al. (1979) reported health related labor and veterinary 
expense for a University of Minnesota herd. Over nine years, 130 
selection and 163 control cows were observed. Selection cows yielded 
more milk but with increases in labor and expense for health care. Labor 
and expense for reproduction did not differ significantly for genetic 
groups, but the control group had 4% greater reproductive expense and 
17% greater reproductive labor than the selection group. 
Analyzing the NC-2 project at the Beltsville Agricultural Research 
Center, Rothschild et al. (1981) concluded the reproductive performance 
of the high yield group was not inferior to the low yield group. 
Although not significantly so, the high yield group required fewer 
services per conception and had shorter calving intervals. 
Virgin Heifer Fertility 
Maijala (1964) was the first to propose that heifer fertility and 
cow fertility may be essentially unrelated. Metz and Politiek (1970) 
suggested that first lactation yield may be related differently with 
heifer fertility and cow fertility, but found no association of virgin 
heifer fertility and first lactation yield. 
Finding higher heritability estimates for heifers than for cows, 
Hahn (1969) submitted that selection for heifer fertility may be of 
greater benefit than selection for cow fertility. Mahanna et al. (1977) 
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measured heifer fertility for two groups differing in genetics for 
yield, but the groups did not significantly differ for fertility. 
Janson (1980b) estimated heifer heritabilities for nonreturn rate 
(.01) and number of services (.02). The phenotypic correlations of 
heifer fertility and first lactation fertility ranged from -.05 to .05 
for 12,179 Swedish cattle. Genetic correlations were large and positive, 
but likewise, had large approximate standard errors. Nonetheless, Janson 
(1980b) concluded that heifer and cow fertility were closely related 
genetically. Relationships with yield were not considered. 
Conclusions of Review of Literature 
Fertility problems and low production have been shown to be the 
major two reasons dairy cows are disposed; therefore, economic importance 
has been assigned to fertility. 
Heritabilities for measures of fertility have almost unanimously 
been found to be small. Most studies with credible numbers of observa­
tions have obtained heritabilities of fertility that were less than .05. 
Usually little response was anticipated from selection for fertility. 
Yield estimates of heritability have been moderate, averaging .25 for 
milk and .23 for butterfat. 
Many studies detected phenotypic and genetic antagonism of yield 
and fertility; however, several reports indicated little or no relation­
ship of yield and fertility. Apparently, high yield and improved 
fertility have not been complementary. Genetic antagonism of yield and 
fertility has been difficult to put in perspective because heritabilities 
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Of fertility generally were low. Designed selection experiments have 
consistently shown little association of yield and fertility. 
Few studies have been conducted with virgin heifer fertility, and 
its relationship with lactating cow fertility has not been confirmed 
because results have been contradictory. 
20 
MATERIALS 
Breeding receipts from Eastern Artificial Insemination Cooperative 
(EAIC) were the principal data source for conceptions, and they covered 
the period from February 1, 1974 to January 31, 1980. These data were 
made available by Dr. J. F. Keown of EAIC. EAIC serves the northeast 
United States, providing dairymen with artificial insemination (AI) for 
their dairy cows. A breeding receipt is prepared by an EAIC representa­
tive at the time of each breeding. These breeding receipts are accumu­
lated at EAIC headquarters, Ithaca, New York. 
Approximately 6,500,000 breeding receipts were collected for the 
six year period of the study. Breeding receipts were completely void 
October through December 1977, and for three other months (July 1976, 
November 1976, and July 1977) breeding receipts were partially missing. 
The previous date of breeding, however, was provided on breeding receipts 
for repeat breedings, thereby permitting the retrieval of much of the 
missing information. 
Matching Receipts with Yield 
Dairy Herd Improvement (DHI) records of yield for Hoi steins in the 
northeast United States were provided by the Northeast Regional 
Processing Center (Cornell University, Ithaca, New York). EAIC breeding 
receipts were matched with a DHI name and address file by Dr. R. W. 
Everett of Cornell University. Approximately 3,200,000 matches were 
obtained. The DHI-coded breeding receipts were matched with DHI 
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records of yield by Dr. Everett. If less than 75% of the breeding 
receipts for a single herd could be matched, all records of the herd 
were omitted. A total of 1,070,620 breeding receipts were acceptably 
matched with yield. 
Records for all lactations of cows with even one breeding receipt 
were taken from the DHI files. All records were for twice-a-day milking. 
The resulting file of DHI data had 607,822 records of yield. 
Audit of Data 
The progressive audit of yield records is outlined in Table 1. 
Records for parities greater than six were immediately discarded, as were 
records with calving or birth dates outside the following designated 
limits. Calvings before May 1, 1973 or after August 31, 1980 were not 
allowed. Records for cows born prior to January 1, 1966 were rejected 
because the cows would have already been seven years old if calving in 
May 1973. First calvings before 18 months of age were not permitted. 
Each lactational record needed at least 180 days-in-milk (DIM) to 
be saved. Cows with single records of less than 180 DIM were promptly 
discarded. A decision to eliminate records for parities four and five 
was not made immediately, so thev were temporarily kept. All records 
for cows with inconsistent sire identification or nonconsecutive 
parities were deemed unusable. Duplicate records were discarded. 
Milk yields and butterfat percentages for monthly test-days were 
included with each DHI record. Criteria were established for acceptance 
of the test-day information. The first test interval could not be longer 
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Table 1. Audit of lactation records 
Records 















Received from Cornell 
41,516 Parity > 6 
176,770 Parturition or birth outside range 
12,989 One record of parity 6 or DIM < 180 
8,819 Duplicate, nonconsecutive parities, 
inconsistent identification 
21,324 Parity 6 
45,675 DIM < 180, improper test day interval, 
abortion 
5,856 Terminal record lacking fertility 
information 
8,918 Parturition after November 30, 1979 
97,205 Lacks sire identification 
42,284 Parity 4 or 5 
28,085 Sire did not have daughters in ten herds 
558 Age and yield restriction 
22,562 Terminal record 
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than 62 days, arid the third test must have occurred by the 120th DIM. 
Furthermore, the eleventh test was not allowed before the 180th DIM. 
If any monthly test-day information was missing, the entire record was 
rejected. Lactations initiated by abortion were eliminated. For cows 
with multiple records, only those records with DIM less than 180, 
improper test-day data, or abortion were excluded; all others were 
retained. 
Provisions were made to preserve the terminal records of cows, but 
terminal records with absolutely no breeding information were discarded. 
Cows calving after November 30, 1979 did not have an equal opportunity 
to be bred, so the last record of these cows was eliminated; some were 
later used to confirm virgin heifer fertility. 
Of the remaining 285,955 records, 34% were lost due to the lack of 
sire identification. Average milk yield was 286 lbs higher for 305-day 
FCM among cows with sire identification compared to those without sire 
identification. 
The decision to reject records for parities four and five was made 
because the cows resulted from substantial selection and may have 
received considerable preferential treatment. 
Parities were analyzed separately, and the cows within each parity 
group were required to be daughters of sires with daughters in at least 
10 herds. Sampling errors of components of variance are increased with 
too few daughters per sire. Imposing the 10 herd restriction eliminated 
sire and herd confounding and decreased the number of sires evaluated. 
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For first parity, 2,361 sires had daughters in only one herd, 646 sires 
had daughters dispersed in two to nine herds, while 353 sires had 
daughters in 10 or more herds. The 10 herd restriction eliminated 90% 
of the sires but disqualified only 17% of the first parity records. 
Average 305-day FCM increased only 54 lbs due to the sire criterion. 
Age restrictions were placed on the cows as a check for errant 
recordings. First parity cows were required to be at least 18, but less 
than 50 months of age. Second parity limits were 26 and 64 months, and 
third parity limits were 34 and 80 months. This left 95,261 records for 
analysis as indicated in Table 1. 
Measures of Yield 
Nine measures of yield were evaluated. Abbreviations and 
descriptions of the yield measures are in the first nine rows of Table 2. 
Except MILK, all measures were expressed in units (lbs) of fat-corrected 
milk (FCM). Gaines (1928) developed FCM as a means of assessing the 
energy value of milk. Instead of separate evaluations for milk and 
butterfat, FCM permits the ease of analysis and interpretation that a 
single variable affords. FCM was expected to better measure the stress 
of yield than either milk or fat alone. Tyrrell and Reid (1965) con­
cluded that FCM appropriately adjusted milk for energy value when 
butterfat percentage was roughly from 3% to 6%. Since few Hoi steins 
have average butter percentages below 3% or above 6%, FCM appeared to 
be an appropriate means of correcting milk yield for energy value. A 
base of 3.7% butterfat was selected, and FCM was calculated by 
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Table 2. Abbreviations for measures of yield and fertility 
Abbreviation Description 
PEAK Peak yield (lbs FCM) 
SUMMIT Summit yield (lbs FCM) 
Y120 120 day yield (lbs FCM) 
Y180 180 day yield (lbs FCM) 
Y305 305 day yield (lbs FCM) 
YME Mature equivalent of 305 day yield (lbs FCM) 
MILK Mature equivalent of 305 day yield (lbs milk) 
COMP Complete lactation yield (lbs FCM) 
ANNUAL Annualized yield (lbs FCM) 
FB Days from parturition to first breeding 
SP91 Service period (maximum of 91 days) 
SP244 Service period (maximum of 244 days) 
DBS Mean days between services 
NS3 Number of services (maximum of 3) 
NS20 Number of services (maximum of 20) 
CLll Conception lag (divisor 11-31) 
CLNS Conception lag (divisor NS20-1) 
DDI 50 Days open (maximum of 150 days) 
D0305 Days open (maximum of 305 days) 
AGEFB Heifer age at first breeding (months) 
AGESB Heifer age at successful breeding (months) 
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FCM = M(.418 + .01572f) 
where M was lbs milk and f was butterfat percentage. 
The highest FCM yield among the first six test-days after calving 
(PEAK) was a measure of stress early in the lactation. A similar 
measure (SUMMIT) was obtained by examining test-day FCM yields and 
averaging the two highest among the first three. Cumulative FCM yields 
at 120 days (Y120), 180 days (Y180), and 305 days (Y305) were calculated 
from the test-day yields by the test-interval method. All lactation 
records were required to have at least 180 DIM, but incomplete lactations 
with less than 305 DIM were extended with multiplicative factors from 
Eastwood (1967). 
The mature equivalent (ME) factors of Norman et al. (1974) were 
used to standardize FCM yield (YME) and actual milk yield (MILK). MILK 
was considered valuable for comparisons with studies not using FCM. 
Complete yield (COMP) was total lactational yield, regardless of number 
of days in the lactation. 
Bar-Anan and Soller (1979) proposed the use of annualized yield 
(ANNUAL) as an economic measure of yield. Calving interval (CI) and 
COMP were combined to form average yield per day between calvings. 
Average yield per day was multiplied by 365 days so the measure of 
yield was on an annual basis. For cows with a subsequent calving, 
the equation was 
ANNUAL = 365 x^COMP _ 
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Cows that lacked a subsequent calving but had at least 305 DIM were 
determined with 
ANNUAL - • 
Finally, cows without a subsequent calving but with less than 305 DIM 
had ANNUAL equated to YME. Annualized yield could have potential as a 
measure of yield for genetic evaluations. 
Upper and lower limits were imposed on the nine measures of yield. 
PEAK and SUMMIT were constrained to at least 10 lbs but less than 200 lbs, 
Y120 to 2,000 lbs and 25,000 lbs, Y180 to 4,000 lbs and 30,000 lbs, 
and all other measures to 6,000 lbs and 40,000 lbs. 
Criteria for Establishing Reproductive Status 
Of the 117,823 records remaining after initial audit of data, 
49,814 were first, 39,216 were second, and 28,793 were third parity 
records. A subsequent calving is necessary to confirm results of 
efforts to breed a cow. Elimination of terminal records would cause the 
loss of 8,104 (16%) first, 8,054 (21%) second, and 6,404 (22%) third 
parity records. The data set of 95,261 confirmed records was comprised 
of 41,710 first, 31,162 second, and 22,389 third parity records. 
A judgment process (Laben et al., 1981 and Berger et al., 1981) 
was employed to include the terminal records of cows. Each cow was 
judged either pregnant or open based on the time from last reported 
breeding to the termination of the record. If the time was at least 
69 days and not over 260 days, then the cow was judged pregnant. 
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Otherwise she was judged open. The 260-day limit was based on the 
reasoning that cows usually are dried-off before the 260th day of 
gestation to allow a reasonable dry period. Also, cows within three 
weeks of calving are normally kept in the herd to get the calves they 
are carrying. Cows that were disposed before 69 days had elapsed since 
last breeding did not have a fair opportunity to be rebred; therefore, 
these cows were judged open. Many mi sjudgments could have occurred 
using this procedure. 
The DHI records of yield contained an entry for the date cows were 
last bred. This date was regarded as the equivalent of a breeding 
receipt; hence, non-AI breedings may have been uncovered. 
Andersen and Plum (1965) reviewed 16 studies of gestation length. 
Average length of gestation was 280.0 days. Cows calving for the first 
time averaged about one day less. DeFries et al. (1959) reported the 
standard deviation of gestation length was 5.0 days. Louca and Legates 
(1968), Laben et al. (1981), and Berger et al. (1981) subtracted 280 days 
from the day of calving to estimate the day of breeding. 
Breedings before the 25th day postpartum were rejected, and at 
least 268 days were required between breeding and subsequent calving. 
If more than 291 days existed between the last breeding and subsequent 
calving, then another breeding was assigned by subtracting 280 days from 
the day of calving. Non-AI breedings may have been accounted for in this 
way. To be accepted as independent breedings, at least two days were 
required between breeding days. 
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Since virgin heifer breedings were available for many of the cows, 
the fertility of virgin heifers was evaluated, also. Heifer breedings 
prior to nine months of age were disregarded, and at least 267 days 
were required between last breeding and calving. If more than 290 days 
existed between last breeding and first calving, then a breeding was 
assigned by subtracting 279 days from the day of calving. 
Measures of Fertility 
Abbreviations and descriptions of the measures of fertility are 
in the lower 12 rows of Table 2. Days from calving to first breeding 
(FB) has often been used as a measure of fertility, but FB may measure 
reproductive management as well. Intentionally delayed breeding of 
prized cows may result in a management induced association between FB and 
measures of yield. FB had an upper bound of 305 days to limit uncommonly 
long periods. 
Days open is another common measure of fertility. As with FB, 
intentionally delayed breeding can influence this measure. Beyond a 
certain point, longer days open may largely represent preferential 
treatment. Therefore, alternative upper bounds were placed on days 
open, 150 days (00150) and 305 (D0305). D0150 allowed cows at least 
three breedings postpartum if rebreeding was initiated at a normal 
interval after calving. D0305 was used by Laben et al. (1981) and 
Berger et al. (1981) and accommodates even longer open periods. 
The interval from first breeding to successful breeding was 
referred to as service period. FB and service period sum to days open. 
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Upper bounds were placed on the number of days in the service period. 
Bounds of 91 days (SP91) and 244 (SP244) corresponded to the 150 and 305 
bounds for days open if rebreeding was initiated 2 months (61 days) 
postpartum. Cows judged not pregnant in their terminal lactations were 
assigned at the upper bound for SP91, SP244, D0150, and D0305. 
Number of services is readily obtained from breeding receipts. In 
this study, all accepted breedings from receipts, DHI entries, and 
assignments from calving dates were evaluated. Once again upper bounds 
were established, three (NS3) and 20 (NS20). Only one cow surpassed the 
20 service bound. Cows judged not pregnant in their terminal lactations 
were not assigned additional numbers of services. 
Cows average 21 days between expressions of estrus. Bar-Anan et al. 
(1979) suggested that genetic variation may exist for the rhythm of estrus 
intervals and for early embryonic death. The mode days between breedings 
and the fraction of breedings 22 to 31 days after initial breeding were 
evaluated by Bar-Anan et al. (1979). Heritabilities were .086 and .099, 
respectively, for the two measures. Further investigations of these 
measures were reported by Bar-Anan et al. (1980), and somewhat lower 
heritabilities were obtained. Late returns to estrus were presumed to 
reflect failure of implantation or early embryonic death. 
In the current study, average days between services (DBS) and 
conception lag (CLll and CLNS) were analyzed. DBS was the average 
interval between successive breedings, If only one breeding was 
necessary, then DBS was assigned at 21. CLll and CLNS were ratios with 
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numerators equal to the number of repeat breedings in the lactation 
that were 22 to 31 days after a previous breeding. The denominator of 
CLll was the number of rebreedings that were 11 to 31 days after a 
previous breeding, whereas the denominator of CLNS was the total number 
of repeat breedings. If no repeat breedings were necessary, then CLll 
and CLNS were set to zero. 
Calving interval is frequently used to measure fertility; however, 
Touchberry et al. (1959) pointed out that most of the variation in 
calving interval is brought about by variation in days open because the 
variation of gestation length is very small. Therefore, calving 
interval was not used as a measure of fertility. 
It was not possible to evaluate FB, D0150, or D0305 for virgin 
heifers since there were no previous calvings. Age at first breeding 




Dairy records of yield are customarily analyzed by accounting for 
variation due to the fixed effects of herd, year of calving, and season 
of calving. Janson (1980a) reported herd and season were the most 
important factors affecting fertility. Often for analytical and com­
putational ease, herds, years, and seasons are combined to form the 
single "effect" called herd-year-season. Herd-year-season is usually 
regarded as a fixed effect and coupled with random genetic effects to 
constitute a mixed model. 
Three seasons were defined; 1) December through April, 2) May 
through August, and 3) September through November. The seasons were 
not of equal duration due to disparate calvings by months of the year. 
Frequencies of records for the first (36%), second (31%), and third 
(33%) seasons were about equal. Second and third seasons were joined 
for some purposes to form one season extending from May to November. 
Seasons of calving were used for both yield and fertility measures. 
Completely Random Model 
A model with all effects considered random was used in preliminary 
analysis to indicate the relative importance of the sources of variation. 
Herd-year-season, sire, and herd-year-season by sire interaction were 
considered random effects for this method of analysis. Analyses were 
by parity classification without age adjustment. 
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Henderson (1953), in his Method 1, gave procedures for obtaining 
components of variance with a completely random model. Components of 
variance for cross-classified models, however, can be obtained from 
nested analyses of variance. Estimates from the nested analyses are 
set equal to their expectations in terms of cross-classified variances 
and the resulting equations are solved simultaneously (Fimland et al., 
1972). If some effects are actually fixed, then components of variance 
obtained from the completely random model are biased (Henderson, 1953). 
Age Solutions 
Standardizing yield for age at calving is a conroon practice in 
dairy cattle evaluation. The multiplicative factors of Norman et al. 
(1974) are used extensively in the United States to adjust 305-day milk 
and butterfat yields. In this study, analyses were by parity for all 
models, but the desirability of age adjustment within parity was 
considered. 
Age solutions were obtained by ordinary least-squares procedures 
(Snedecor and Cochran, 1967) for each parity with the model 
Yijkl = % + hi + + 3% + C] 
where was an observed value of yield or fertility, y was the 
overall mean, h. was the fixed effect of the i^*^ herd-year-season with 
three seasons per year, Sj was the fixed effect of the j^'^ sire, aj^ was 
the fixed effect of the of 20 age classes, and was random error 
assumed normally distributed. Herd-year-season effects were absorbed 
into sire and age effects; absorption is reviewed subsequently. 
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Repeatabilities 
Repeatability is the regression of an observation on a previous 
observation of an individual, or the correlation between observations of 
the same individual (Lush, 1945). A regression estimate of repeatability 
is unbiased by truncation selection solely on the previous record, but a 
correlation estimate may be biased by such selection (Van Vleck, 1979b). 
Regression estimates of repeatability (r) were calculated with 
A. Cov(P * »Pp) 
where Cov(Pj,P2) was the covariance between observations, and V(P^) was 
the variance of the previous observation. Cows were not required to 
have three records to be considered; all parity pairs were involved in 
repeatability estimation. Cows lacking sire identification were 
included. 
Variation due to the herd-year-season of the previous record was 
accounted for by analysis of variance with cows nested within herd-year-
seasons. Separate analyses were performed for: 1) the previous record, 
2) the latter record, and 3) the sum of the two records. 
The variance of the sum of two variables is 
V(Pi + Pg) = V(Pj) + V(P2) + 2Cov(Pj,P2) 
where V(P^ + Pg) is the variance of the sum of two correlated variables, 
V{Pj) and VfPg) are the individual variances of the variables, and 
Cov(Pj,P2) is the covariance between the two variables. The covariance 
between observations could be solved for from the individual variances of 
the variables and the variance of the sum of the two variables. 
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In every case the latter observation was regressed on the previous 
observation, except virgin heifer fertility was regressed on first 
parity fertility. The reverse regression was necessary because only 
herd-year-season for first parity was known for virgin heifers. 
Repeatabilities included all cow variation of additive genetic, 
nonadditive genetic, and permanent environment origin; therefore, 
repeatability was considered to be the upper limit of heritability which 
involved only additive genetic variation. 
Method of Fitting Constants 
The linear model used to obtain components of variance and 
covariance was 
Y = XB + ZU + E 
where 
Y was an n X 19 matrix of n observations for each of 19 measures 
of yield and fertility, 
X was a known n x p incidence matrix for p fixed herd-year-seasons, 
Z was a known n x s incidence matrix for s random sires, 
B was an unknown p x 19 matrix of constant estimates for herd-year-
seasons, 
U was an unknown s x 19 matrix of constant estimates for sires, 
E was an unknown n x 19 matrix of random error, normally and 
independently distributed. 
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The least-squares normal equations were 
X 'X  X 'Z  B X 'Y  
Z 'X  Z 'Z  U Z 'Y  
The method of fitting constants, or Henderson's Method 3 after 
Henderson (1953), uses reductions in sums of squares and crossproducts 
due to fitting a main model and sub-models thereof. R(B) and R(B,U) 
were reduction sums of squares and crossproducts for, respectively, the 
herd-year-seasons ignoring sires and the joint effects of herd-year-
seasons and sires. The difference between R(B,U) and R{B), denoted by 
R(U)B), was the reduction sum of squares and crossproducts for sires 
after accounting for herd-year-seasons. The error sum of squares and 
c rossproduc ts  was  Y 'Y  -  R(B ,U) ,  computed  as  (Y 'Y  -  R(B) )  -  R(U|B) ,  
where 
Y 'Y  -  R(B)  =  Y ' ( I  -  X(X 'X) "X ' )Y  
was the within herd-year-season sum of squares and crossproducts, and 
R(U|B) = U'Z'd - X(X'X)"X')Y 
was the sire sum of squares and crossproducts. Following absorption of 
the herd-year-seasons, U was obtained with 
Û =  (Z ' ( I  -  X(X 'X) "X ' )Z ) '4 ' ( I  -  X(X 'X) "X" )Y .  
The error mean squares and crossproducts were obtained by dividing 
the error sum of squares and crossproducts by the error degrees of 
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freedom. Error degrees of freedom were the total number of observations 
minus the number of herd-year-seasons minus the number of sires plus one. 
The sire mean squares and crossproducts equaled R(U|B), the sire sum of 
squares and crossproducts, divided by the number of sires minus one. 
Sire components of variance equaled the sire mean squares and cross-
products minus error mean squares and crossproducts, divided by K, the 
effective number of progeny per sire, where 
K =  ( l / ( s  -  l ) j t r (Z ' ( I  -  X(X 'X) ' ^X ' )Z ) ,  
and trace, tr, was the sum of diagonal elements of the matrix. A 
direct inverse was obtained to solve the reduced sire equations after 
restricting a sire's solutions, the last row of U, to zero. 
The methodology employed to gain the components of variance and covari-
ance is overviewed by Searle (1971). The estimators of components of 
variance for the method of fitting constants are unbiased, but other 
properties of the estimators are unknown. 
Heritability was estimated as four times the sire component of 
variance divided by the sum of the sire and error components of variance. 
Standard error of heritability was approximated by methods adapted from 
Swiger et al. (1964). 
The estimate of genetic correlation between two measures of yield 
and/or fertility was obtained by dividing the sire component of covari-
ance between the two measures by the square root of the product of the 
sire components of variance for the two measures. An approximate 
standard error was calculated for each estimate of genetic correlation 
(Tallis, 1959). 
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The phenotypic correlation between two measures of yield and/or 
fertility was the sum of the sire and error components of covariance 
for the two measures, divided by the square root of the product of sire 
plus error components of variance for the two measures. 
Maximum Likelihood 
Maximum likelihood (ML) procedures for mixed models were reviewed 
by Henderson (1973) and discussed by Harville (1977). ML selects 
values for the parameters being considered such that the probability of 
obtaining the data vector is a maximum. An underlying normal distribu­
tion is usually assumed. ML is constrained to nonnegative estimators 
and yields sufficient estimators when they exist. A deficiency of ML 
is that the loss in degrees of freedom from estimating the fixed 
effects is not taken into account. 
The linear model for each measure of yield and fertility was 
y = Xb + Zu + e 
where 
y was an n X 1 vector of n observations, 
X and Z were known incidence matrices as previously defined, 
b was an unknown p x 1 vector of constant estimates for herd-year-
seasons, 
u was an unknown s x 1 vector of sire effects, 
e was an unknown n x 1 vector of random errors assumed normally 
and independently distributed. 
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The linear system of equations were 
X 'X  X 'Z  b •x'y" 
Z 'X  Z 'Z  +  1 (0 .2 /0  2 )  
e 5 _ u Z ' y  
2 
where I was an s-dimensional identity matrix, was the population sire 
2 
variance, and was the population error variance. Since the variance 
parameters were not known with certainty, an iterative procedure was 
applied that used prior estimates of the components of variance from 
the method of fitting constants for initialization. The common inter­
cept approach (Schaeffer, 1979) was employed to hasten convergence. 
Components of error and sire variances were re-estimated during 
each round of iteration with 
:  2 _ y ' ( I  -  X(X 'X)~X ' )v  -  uZ 'd  -  X(X 'X) "X ' )y  
e n 
.  2 û'û + t r ( (Z 'Z  +  1 (0  
V i — • 
Convergence was declared when the estimate of heritability was less than 
.001 different from the previous estimate. 
Restricted Maximum Likelihood 
The deficiency of ML in regard to the loss in degrees of freedom 
from estimating the fixed effects is eliminated by restricted maximum 
likelihood (REML) as described by Harville (1977). When there exists 
a large number of fixed effects, such as herd-year-seasons, REML 
estimators have a smaller mean squared error than ML estimators. Due 
to the iterative approach to estimation, properties of the REML 
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estimates at convergence are not precisely known, but REML estimates 
are expected to be closely related to minimum variance quadratic 
estimates (MIVQUE). 
The model, linear equations, and criterion for convergence were 
the same as those for ML, but separate iteration was necessary after 
the initial round. REML components of variance were estimated with 
2  y ' ( I  -  X(X 'X) "X 'y  -  uZ 'd  -  X(X 'X) 'X ' y  
°e " n - p 
. « ti'u + tr((Z'(l - XU'X)"^X')Z + 1(0,2/0 2))-l) 
-s = E — • 
Index Selection 
Henderson (1963) and Lin (1978) expanded the original work of 
Hazel (1943) in developing index selection for farm animals. The 
selection index (I) and aggregate genotype (H) were defined as 
I  = x 'b  and  H =  g 'a  
where 
x' is a row vector of m known phenotypic values, 
g' is a row vector of p unknown genetic values, 
a is a column vector if p known economic weights, 
b is a column vector of m unknown index coefficients. 
Also, V(x) = P, V(g) = C, and Cov(x,g) = 6. Therefore, V(I) = b'Pb, 
V(H) = a'Ca, and Cov(I,H) = b'Ga. It has been demonstrated Cov(I,H) = 
V(I) and the correlation between I and H, r^^, is equivalent to o^/o^ 
(for simple derivation see Lin, 1978). Maximizing r^^ gives the index 
equations Pb = Ga with solution b = P"^Ga. 
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Sires were indexed on the average yield and fertility performance 
of their daughters. Selection was only for additive (A) genetic 
effects based on phenotypes (X). Two measures were evauated for n 








(" - 1) ^ < Gy Y + (n *1*2 - 1) i "AjAJ 
p = n n 
+ (n - 1) Ov + (n -
h 
i ) i  
n n 
and G = 1/2(C) from Henderson (1963). A range of economic weights was 
selected and index solutions obtained. The restricted approach of 
Kempthorne and Nordskog (1959) was applied to the index by restricting 
00150 to no change. Correlated responses to index selection for heifer 
SP91 were obtained by methods of Falconer (1960) for single trait 
selection and Van Vleck (1979a) for index selection. 
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RESULTS AND DISCUSSION 
Means and Standard Deviations 
A relatively high portion of cows were registered with the Holstein-
Friesian Association of American; 34.3% of first parity, 36.1% of second 
parity, and 38.1% of third parity cows were registered. A smaller 
portion (24.5%) of virgin heifers were registered. Foote (1979) 
reported a tendency for registered cows to be inseminated more times 
than nonregistered cows due to preferential attention given them. 
Furthermore, Foote (1979) suggested that owners of registered cattle 
may be inclined to request semen from the highest bulls for milk yield 
regardless of bulls' fertility levels. 
Table 3 has means and standard deviations for measures of yield 
prior to analysis or adjustment. Only records with subsequent calvings 
were used to compute means and standard deviations. Means and standard 
deviations increased from first to second parity for every measure of 
yield. Except for YME and MILK, means and standard deviations also 
increased from second to third parity. Yields were expected to increase 
with parity. YME and MILK declined slightly from second to third 
parity, but these measures were on a mature equivalent basis. MILK of 
16,554 lbs for first parity was considered a high level of average yield. 
Also, PEAK of 76 lbs for third parity was indicative of high average 
yield. 
Means and standard deviations for measures of fertility are in 
Table 4. Fertility means behaved differently than yield means relative 
Table 3. Means and standard deviations for measures of yield 
Parity 1 (41,710) Parity 2 (31,162) Parity 3 (22,389) 
Measure X S.D. X S.D. X S.D. 
PEAK 54 10 69 14 76 15 
SUMMIT 51 10 66 12 72 13 
Y120 5,799 1,075 7,305 1,353 7,983 1,427 
Y180 8,437 1,530 10,328 1,877 11,219 1,971 
Y305 12,946 2,454 14,787 2,891 15,823 3,008 
YME 16,373 3,149 16,498 3,197 16,450 3,071 
MILK 16,554 3,268 16,741 3,306 16,716 3,145 
COMP 14,070 3,402 15,586 3,611 16,623 3,718 
ANNUAL 13,274 2,583 14,776 2,958 15,697 3,078 
44 
Table 4. Means and standard deviations for measures of fertility 
Parity 1 (47,710) Parity 2 (31,162) Parity 3 (22,389) 
Measure J S.D. J S.D. Y S.D. 
FB 87.6 41.7 87.5 40.7 88.9 41.6 
SP91 16.5 29.3 15.8 28.7 16.2 29.0 
SP244 20.6 43.1 19.4 41.0 19.8 41.3 
DBS 27.7 22.0 27.4 21.1 27.6 21.0 
NS3 1.62 .77 1.61 .76 1.62 .77 
NS20 1.76 1.16 1.74 1.11 1.75 1.12 
CLll .081 .263 .084 .268 .091 .277 
CLNS .066 .244 .068 .230 .074 .238 
D0150 97.8 35.3 97.4 34.8 98.8 34.9 
D0305 107.9 56.2 106.6 54.4 108.3 54.6 
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to parity. Second parity means were slightly lower than first parity 
means except CLll and CLNS. Even though third parity had the highest 
mean for every measure, the means were nearly constant across parities. 
Second parity tended to have smallest standard errors; however, standard 
errors also were very similar for all parities. FB means were near those 
of Janson (1980a) and Berger et al. (1981). NS20 means were approxi­
mate ly  the  same as  Janson  (1980a) ,  bu t  somewhat  l ower  than  Berger  e t  a l .  
(1981). The lower NS20 may represent better environment or failure to 
account for all breedings in the current study. Interestingly, fertility 
means and standard deviations tended to be lowest for second parity. 
Perhaps growth and stress factors during first lactation inhibited 
fertility, while cows in third lactation may have experienced a depress­
ing age effect on fertility. Janson (1980a) reported poorest fertility 
dur ing  f i r s t  lac ta t ion ,  whereas  the  cu r ren t  s tudy  and  Berger  e t  a l .  
(1981) found older cows to be poorest. D0305 averaged approximately 
108 days, possibly good performance if few cows exceeded the 305-day 
bound. Days open of 85 correspond to a 12-month calving interval with 
280 days gestation. 
Exclusion of Terminal Records 
Considerable thought and deliberation went into deciding whether 
or not the terminal records of cows should be included for analysis. 
Laben et al. (1981) and Berger et al. (1981) elected to include terminal 
records and devised the judgment process detailed in the MATERIALS 
section. The merit and accuracy of the judgment process are unknown. 
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Approximately 45% of records in Berger et al. (1981) were terminal 
records, whereas only 19.1% of records were terminal in the current 
study. For first parity, 16.3% of records were terminal. 
The judgment process assigned about 80% of terminal records as 
pregnant for both Berger et al. (1981) and the current study. Only 
30% to 35% of dairy cows are pregnant at slaughter according to 
J. H. Webb, D.V.M. (personal communication. Midwest Breeders Cooperative, 
Shawano, Wisconsin). The accuracy of the judgment process may be 
questioned. 
Components of variance were obtained for first parity by Henderson's 
Method 3 (page 36) both when terminal records were included and excluded. 
Years were split into three seasons. Heritabilities are in Table 5 and are 
negligibly different for the two data sets. The approximate standard 
errors of heritabilities tended to be a bit higher when the terminal 
records were excluded, but this may be anticipated since terminal obser­
vations probably were more alike than other observations, particularly 
where assigned at upper bounds. 
Table 6 has genetic correlations for first parity yield and 
fertility with terminal records included and age effects ignored; 
approximate standard errors are in Table 7. Similar methods were used 
by Berger et al. (1981), and results with terminal records included are 
compared in Table 8. Genetic correlations were somewhat lower in the 
current study for three of four comparable measures of fertility with 
yield; however, estimates were regarded in the same proximity for the 
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Table 5. Heritability estimates from Henderson Method 3, approximate 
standard errors of heritabilities, and sire standard deviations 
for parity 1 with age effects ignored 
Terminal records included Terminal records excluded 
Measure S.E. °s h? S.E. °s 
PEAK .105 .011 1.297 .104 .011 1.265 
SUMMIT .113 .011 1.237 .107 .011 1.181 
Y120 .116 .011 137.8 .111 .012 131.6 
Y180 .122 .012 197.1 .119 .012 190.4 
Y305 .135 .012 336.9 .134 .013 327.5 
YME .150 .013 450.0 .158 .015 436.6 
MILK .180 .015 532.5 .183 .016 510.8 
COMP .093 .010 441.7 .091 .010 423.2 
ANNUAL .131 .012 349.0 .138 .013 352.6 
FB .033 .006 3.416 .031 .006 3.205 
SP91 .012 .004 1.717 .009 .005 1.376 
SP244 .003 .004 1.526 .002 .004 .863 
DBS .002 .004 .5312 0* .004 0*) 
NS3 .024 .005 .0592 .023 .006 .0571 
NS20 .021 .005 .0908 .017 .005 .0739 
CLll .006 .004 .0105 .003 .005 .0075 
CLNS .005 .004 .0081 .004 .005 .0075 
DDI 50 .027 .005 2.785 .031 .006 2.917 
D0305 .017 .005 4.096 .023 .006 4.045 
a '^9 Negative estimate, h = -.002. 
b ^ 2 Negative variance estimate, = -2535.7. 
Table 6. Genetic correlations of yield and fertility ignoring age effects and including terminal 
records for first parity^ 
PEAK SUMMIT Y120 Y180 Y305 YME MILK COMP ANNUAL 
FB .285 .300 .307 .294 .292 .296 .358 .461 .132 
SP91 .399 .333 .370 .413 .440 .398 .348 .505 .300 
SP244 .655 .549 .612 .672 .693 .581 .563 .777 .474 
DBS .516 .396 .395 .493 .630 .575 .561 .920 .464 
NS3 .169 .151 .177 .198 .238 .236 .224 .362 .156 
NS20 .270 .264 .300 .322 .375 .366 .392 .449 .290 
CLll .547 .490 .443 .402 .371 .376 .336 .345 .261 
CLNS .407 .331 .280 .243 .245 .258 .167 .257 .127 
D0150 .374 .360 .384 .393 .420 .403 .428 .563 .237 
D0305 .416 .398 .425 .430 .433 .402 .441 .586 .245 
^Approximate standard errors of genetic correlations in Table 7. 
Table 7. Approximate standard errors of genetic correlations of yield and fertility ignoring age 
effects and including terminal records for first parity 
PEAK SUMMIT Y120 Y180 Y305 YME MILK COMP ANNUAL 
FB .097 .096 .095 .095 .092 .091 .087 .084 .098 
SP91 .148 .146 .146 .145 .140 .138 .135 .130 .146 
SP244 .485 .431 .461 .489 .488 .433 .421 .481 .408 
DBS .577 .488 .486 .554 .648 .604 .590 .833 .545 
NS3 .111 .110 .110 .108 .104 .103 .101 .101 .109 
NS20 .115 .113 .112 .111 .106 .105 .102 .099 .112 
CLll .246 .235 .228 .221 .211 .210 .202 .211 .205 
CLNS .252 .238 .229 .223 .219 .218 .205 .228 .212 
D0150 .102 .102 .100 .099 .093 .093 .090 .080 .104 
D0305 .123 .122 .121 .120 .114 .114 .111 .096 .124 
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Table 8. Comparison of genetic correlations with other results for first 
parity 
Berger et al., 1981 Current study 
Fertility 
measure 60-day 180-day 305-day SUMMIT Y180 Y305 
First breeding .37 .40 .48 .30 .29 .29 
Service period .36 .46 . 56 .55 .67 .69 
Number services .44 .52 .62 .26 .32 .38 
Days open .47 .53 .62 .40 .43 .43 
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two studies. Genetic correlations did not have as great an inclination 
to increase from one measure of yield to the next in the current study. 
Tables 9 and 10 contain the genetic correlations and approximate 
standard errors for the analysis with terminal records excluded. Genetic 
correlations excluding terminals (Table 9) and including terminals 
(Table 6) did not differ considering approximate standard errors in 
Tables 7 and 10. Estimates of genetic correlation were generally 
considered of approximately equivalent magnitude, except for DBS in 
Table 9 which were given a zero because of negative estimates of 
genetic variance. 
Comparing Tables 7 and 10, standard errors of genetic correlations 
tend to be somewhat higher with terminal records excluded. The impetus 
for including terminal records was to facilitate the expression of 
variance and covariance that may otherwise be lost. But SP244 demon­
strates what may result when some terminal observations (16.3% of records 
for first parity) are assigned a constant value of 244 days. The 
standard error of genetic correlation was reduced markedly but perhaps 
disadvantageously because a portion of the observations were not 
permitted to vary. Inclusion of terminal records may depress variance 
and covariance due to assignments at constant upper bounds. On the 
other hand, exclusion of terminal records increased the selection bias 
in parameter estimation. 
Since analyses with terminal records included and excluded resulted 
in heritabilities that scarcely differed and genetic correlations of 
Table 9. Genetic correlations of yield and fertility ignoring age effects and excluding terminal 
records for first parity® 
PEAK SUMMIT Y120 Y180 Y305 YME MILK COMP ANNUAL 
FB .157 .168 .181 .167 .166 .172 .252 .381 -.021 
SP91 .412 .351 .415 .461 .508 .493 .421 .543 .360 
SP244 .774 .694 .837 .913 1.038 1.001 1.070 1.079 .832 
DBSb 0 0 0 0 0 0 0 0 0 
NS3 .145 .118 .165 .180 .200 .200 .119 .332 .095 
NS20 .324 .308 .362 .380 .412 .395 .367 .480 .305 
CLll .468 .382 .351 .315 .265 .325 .209 .156 .034 
CLNS .286 .183 .136 .109 .108 .150 .009 .054 -.101 
D0150 .288 .271 .305 .314 .349 .341 .368 .499 .144 
D0305 .279 .272 .311 .316 .340 .340 .417 .510 .152 
^Approximate standard errors of genetic correlations in Table 10. 
^Negative estimate of genetic variance. 
Table 10. Approximate standard errors of genetic correlations of yield and fertility ignoring age 
effects and excluding terminal records for first parity 
PEAK SUMMIT Y120 Y180 Y305 YME MILK COMP ANNUAL 
FB .114 .113 .112 .111 .107 .105 .100 .100 .110 
SP91 .197 .192 .195 .195 .188 .184 .176 .164 .193 
SP244 1.098 .999 1.174 1.266 1.399 1.351 1.439 1.318 1.199 
DBS® 0 0 0 0 0 0 0 0 0 
NS3 .126 .126 .125 .123 .118 .116 .115 .115 .122 
NS20 .142 .141 .140 .138 .131 .128 .126 .118 .139 
CLll .441 .398 .383 .364 .335 .353 .306 .315 .289 
CLNS .291 .270 .262 .256 .250 .249 .235 .263 .251 
00150 .111 .111 .110 .108 .100 .098 .096 .087 .110 
D0305 .124 .123 .122 .120 .113 .110 .106 .092 .122 
^Negative estimate of genetic variance. 
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comparable magnitude, the decision was made to exclude terminal records. 
The lack of knowledge regarding the accuracy of the judgment process 
further justified this decision. Number of records, excluding terminal 
records, totaled 41,710 by 353 sires for first parity, 31,162 by 284 
sires for second parity, and 22,389 by 207 sires for third parity. 
Daughters of 108 sires were analyzed for heifer fertility. Of 15,357 
heifer records, 4,022 were for cows with terminal records for first 
parity. 
Age Adjustment of Yield 
Table 11 has the F ratios of mean squares for age effects and 
random error. Age degrees of freedom were 19, and error degrees of 
freedom were 26,400 for first parity, 17,048 for second parity, and 
12,104 for third parity. Tests of significance were approximate due 
to the unbalanced nature of the data. F ratios were large and signifi­
cant for all measures of yield except YME and MILK which were previously 
standardized for age with mature equivalent adjustments. Age generally 
was not a significant contributor to variation of fertility during 
first lactation. Effects of age on fertility gained significance for 
many of the measures in second and third lactations, but the least-
squares solutions of age effect for fertility showed little indication 
of trend. Therefore, age adjustments were sought for measures of yield 
other than YME and MILK, but not for measures of fertility. 
Least-squares solutions of age effect on yield are in Tables 12, 13, 
and 14. First parity solutions (Table 12) were very well-behaved. 
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Table 11. Significance of age effect 
F ratio of mean squares 
Measure Parity 1 Parity 2 Parity 3 
PEAK 120.57** 46.25** 17.06** 
SUMMIT 138.55** 50.77** 17.90** 
Y120 138.71** 50.36** 19.40** 
Y180 130.83** 47.76** 21.23** 
Y305 95.76** 37.84** 19.95** 
YME 2.46** 1.39 4.32** 
MILK 3.81** 1.51 4.04** 
COMP 43.79** 29.15** 19.57** 
ANNUAL 75.42** 25.20** 11.34** 
FB 1.93** 3.14** 3.84** 
SP91 .88 2.10** 2.92** 
SP244 .79 2.35** 3.69** 
DBS .96 1.86* 3.17** 
NS3 .86 1.07 2.60** 
NS20 .82 1.64* 2.62** 
CLll 1.94** 
00 in 1.69* 
CLNS 1.76* .54 1.60* 
DDI 50 1.29 4.26** 5.28** 
































; months) PEAK SUMMIT Y120 Y180 Y305 COMP ANNUAL 
18-21 -8.4 -8.4 -915 -1258 -1799 -1935 -1771 
22 -7.0 -6.9 -750 -1004 -1335 -1341 -1307 
23 -6.0 -5.9 -639 -861 -1195 -1255 -1132 
24 -4.6 -4.6 -497 -661 -912 -1059 -820 
25 -3.7 -3.7 -407 -556 -813 -918 -746 
26 -2.9 -2.8 -305 -415 -600 -653 -574 
27 -1.9 -1.9 -210 -287 -399 -368 -366 
28 -1.4 -1.2 -128 -184 -268 -312 -247 
29 -.4 -.4 -49 -76 -104 -121 -97 
30 .1 .1 3 -1 8 10 40 
31 .8 .7 87 122 185 113 204 
32 1.3 1.3 143 194 297 303 322 
33 1.9 1.8 201 270 362 424 378 
34 2.9 2.9 318 435 586 607 600 
35 3.0 2.9 323 453 659 748 609 
36 3.6 3.5 401 556 813 836 751 
37 4.4 4.4 489 674 984 1052 920 
38-39 5.1 4.9 537 750 1073 1198 957 
40-42 6.1 5.8 629 836 nil 1171 1101 




























(months) PEAK SUMMIT Y120 Y180 Y305 COMP ANNUAL 
26-33 -8.1 -7.7 -820 -1092 -1582 -1745 -1391 
34 -6.6 -6.0 -678 -942 -1425 -1690 -1236 
35 -5.2 -4.9 -514 -697 -1039 -1235 -849 
36 -4.1 -3.7 -381 -513 -771 -1003 -598 
37 -3.8 -3.5 -365 -491 -737 -919 -643 
38 -2.6 -2.4 -244 -307 -468 -586 -410 
39 -1.9 -1.8 -189 -236 -321 -475 -211 
40 -1.1 -.9 -77 -103 -161 -233 -126 
41 -.9 -.8 -90 -122 -103 -68 -98 
42 .7 .4 43 58 90 174 78 
43 .9 .8 65 76 97 136 38 
44 1.4 1.2 112 140 240 356 178 
45 1.8 1.6 193 280 474 607 391 
46 1.5 1.5 176 271 456 481 417 
47 2.7 2.5 284 406 649 711 601 
48 4.0 3.7 375 506 659 692 639 
49-50 4.6 4.3 438 576 791 831 716 
51-52 5.3 5.0 522 694 947 997 755 
53-55 5.5 5.3 533 697 1040 1374 720 
56-64 6.0 5.4 595 798 1163 1593 1029 
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(months) PEAK SUMMIT Y120 Y180 Y305 COMP ANNUA! 
1 34-44 -7.7 -7.0 -760 -1033 -1333 -1342 -1014 
2 45-46 -4.6 -4.3 -491 -715 -1117 -1509 -911 
3 47 -3.5 -3.0 -334 -461 -736 -999 -535 
4 48 -2.1 -1.8 -207 -334 -623 -834 -533 
5 49 -2.1 -1.9 -179 -249 -445 -657 -288 
6 50 -1.3 -1.1 -110 -159 -376 -565 -218 
7 51 -.8 -.6 -72 -109 -229 -331 . -178 
8 52 -.6 .3 23 18 -9 -123 4 
9 53 -.4 -. 3 -57 -117 -216 -381 -194 
10 54 - .8 -1.0 -113 -173 -260 -370 -236 
11 55 .4 -.2 -17 -13 15 4 46 
12 56 1.1 1.0 83 102 62 -11 118 
13 57 .8 .6 86 134 199 186 189 
14 58 1.0 1.0 124 191 331 462 117 
15 59 2.1 2.0 243 379 585 593 550 
16 60 3.7 3.3 344 482 713 700 624 
17 61-62 3.1 2.7 300 424 686 886 470 
18 63-65 3.2 3.1 328 488 838 1198 632 
19 66-69 2.3 2.0 239 365 642 1165 346 
20 70-80 5.7 5.1 571 778 1274 1929 1012 
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increasing steadily from class to class with just one exception; class 
18 of COMP had a somewhat elevated solution. Solutions for parities 
two (Table 13) and three (Table 14) were not as divergent as first 
parity solutions, nor quite as well-behaved, but solutions distinctly 
increased with age class. 
A multiplicative factor for age adjustment of yield was the mean of 
the measure (Table 3) minus least-squares solution for age class 
divided by mean of the measure. Adjustment factors for first parity 
(Table 15) were not smoothed. Parities two (Table 16) and three 
(Table 17) required modest smoothing of adjustment factors which was done 
by inspection. Rounding the adjustment factors for second and third 
parities to two decimal digits minimized the amount of smoothing 
necessary. 
Examination of Tables 15, 16, and 17 indicates that factors were 
nearly equivalent across measures of yield within parity. Perhaps 
factors used for adjustment of 305-day yields could be applied to other 
measures of yield without a great loss of accuracy. Apparently, there 
was little interaction of level of yield and stage of lactation. 
Preliminary Analysis of Measures 
Estimates of variance from the completely random model are in 
Tables 18 to 21, Although biased for mixed models, estimates from this 
method may direct attention to the relative importance of sources of 
variation. Since large variances were difficult to interpret. Tables 22 
to 25 present the variances as percentages of total variation. Except 
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Table 15. Multiplicative age adjustment factors of yield for first 
parity 
Age 
(months) PEAK SUMMIT Y120 Y180 Y305 COMP ANNUAL 
18-21 1.184 1.194 1.187 1.175 1.161 1.159 1.154 
22 1.149 1.156 1.143 1.135 1.115 1.105 1.109 
23 1.126 1.130 1.124 1.114 1.102 1.098 1.093 
24 1.094 1.097 1.094 1.085 1.076 1.081 1.066 
25 1.074 1.077 1.075 1.071 1.067 1.070 1.060 
26 1.057 1.057 1.056 1.052 1.049 1.049 1.045 
27 1.035 1.038 1.038 1.035 1.032 1.027 1.028 
28 1.026 1.024 1.023 1.022 1.021 1.023 1.019 
29 1.008 1.008 1.009 1.009 1.008 1.009 1.007 
30 .999 .998 .999 1.000 .999 .999 .997 
31 .986 .986 .985 .986 .986 .992 .985 
32 .976 .974 .976 .978 .978 .979 .976 
33 .965 .966 .966 .969 .973 .971 .972 
34 .950 ,947 .948 .951 .957 .959 .957 
35 .948 .946 .947 .949 .952 .950 .956 
36 .937 .935 .935 .938 .941 .944 .946 
37 .924 .920 .922 .926 .929 .930 .935 
38-39 .914 .913 .915 .918 .923 .922 . .933 
40-42 .899 .898 .902 .910 .921 .923 .923 

























Multiplicative age adjustment factors of yield for second 
parity 
PEAK SUMMIT Y120 Y180 Y305 COMP ANNUAL 
1.12 1.12 1.11 1.11 1.11 1.11 1.09 
1.10 1.09 1.09 1.09 1.10 1.11 1.08 
1.08 1.07 1.07 1.07 1.07 1.08 1.05 
1.06 1.06 1.05 1.05 1.05 1.06 1.04 
1.06 1.05 1.05 1.05 1.05 1.06 1.04 
1.04 1.04 1.03 1.03 1.03 1.04 1.03 
1.03 1.03 1.03 1.02 1.02 1.03 1.01 
1.02 1.01 1.01 1.01 1.01 1.01 1.01 
1.01 1.01 1.01 1.01 1.01 1.00 1.01 
.99 .99 .99 .99 .99 .99 1.00 
.99 .99 .99 .99 .99 .99 1.00 
.98 .98 .98 .99 .98 .98 .99 
.98 .98 .97 .97 .97 .96 .97 
.98 .98 .97 .97 .97 .96 .97 
.96 .96 .96 .96 .96 .95 .96 
.94 .94 .95 .95 .96 .95 .96 
.93 .93 .94 .94 .95 .95 .95 
.92 .92 .93 .93 .94 .94 .95 
.92 .92 .93 .93 .93 .91 .95 
.91 .92 .92 .92 .92 .90 .93 
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Table 17. Multiplicative age adjustment factors of yield for third 
parity 
Age 
(months) PEAK SUMMIT Y120 Y180 Y305 COMP ANNUAL 
34-44 1.10 1.10 1.10 1.09 1.08 1.08 1.06 
45-46 1.06 1.06 1.06 1.06 1.07 1.08 1.06 
47 1.05 1.04 1.04 1.04 1.05 1.06 1.03 
48 1.03 1.03 1.03 1.03 1.04 1.05 1.03 
49 1.03 1.03 1.02 1.02 1.03 1.04 1.02 
50 1.02 1.01 1.01 1.01 1.02 1.03 1.01 
51 1.01 1.01 1.01 1.01 1.01 1.02 1.01 
52 1.00 1.00 1.00 1.00 1.00 1.02 1.01 
53 1.00 1.00 1.00 1.00 1.00 1.02 1.01 
54 1.00 1.00 1.00 1.00 1.00 1.02 1.01 
55 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
56 .99 .99 .99 .99 1.00 1.00 .99 
57 .99 .99 .99 .99 .99 .99 .99 
58 .99 .99 .98 .98 .98 .97 .99 
59 .97 .97 .97 .97 .96 .96 .96 
60 .95 .96 .96 .96 .96 .96 .96 
61-62 .95 .96 .96 .96 .96 .95 .96 
63-65 .95 .96 .96 .96 .96 .93 .96 
66-69 .95 .96 .96 .96 .96 .93 .96 
70-80 .92 .93 .93 .93 .92 .88 .94 
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Table 18. Variance estimates for herd-year-seasons (H), sires (S), herd-
year-season by sire interaction (SH), and error (E) from 
completely random model for first parity 
" 2 "2 " 2 
. °E °SH °S a^Z 
PEAK 57.80 -2.64 7.17 44.50 
SUMMIT 49.15 -2.89 6.34 40.87 
Y120 590,430. -40,554. 80,283. 530,042. 
Y180 1,142,839. -90,448. 171,226. 1,128,136. 
Y305 3,029,249. -229,193. 416,434. 2,837,211. 
YME 4,628,206. -607,938. 835,040. 5,123,376. 
MILK 5,401,120. -489,711. 796,412. 5,039,280. 
COMP 7,544,394. -202,421. 527,726. 3,747,917. 
ANNUAL 3,528,232. -260,837. 380,322. 15,428,764. 
FB 1,276.8 27.6 32.1 411.7 
SP91 831.3 -22.5 4.5 49.2 
SP244 1,837.5 -73.5 7.3 93.9 
DBS 509.9 -39.2 .3 26.4 
NS3 .5547 .0089 .0030 .0325 
NS20 1.3035 -.0167 .0051 .0548 
CLll .07194 -.00059 .00021 -.00228 
CLNS .05224 -.00080 .00013 -.00130 
D0150 1,105.2 -2.7 11.7 141.9 
D0305 2,814.6 -17.5 27.7 356.4 
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Table 19. Variance estimates for herd-year-seasons (H), sires (S), herd-
year-season by sire interaction (SH), and error (E) from 
completely random model for second parity 
" 2 "2 2 " 2 
°E °SH °S 
PEAK 106.30 -8.68 11.62 77.23 
SUMMIT 82.94 -6.45 10.07 69.87 
Y120 936,365. -86,182. 120,479. 866,580. 
Y180 1,787,359. -176,119. 236,317. 1,687,495. 
Y305 4,924,728. -410,975. 516,243. 3,351,942. 
YME 5,939,033. -685,687. 724,916. 4,269,297. 
MILK 6,564,554. -492,376. 689,864. 4,192,314. 
COMP 8,830,855. -182,937. 634,013. 3,786,589. 
ANNUAL 5,421,366. 54,152,184. 155,851. -15,931,182. 
FB 1,240.1 129.3 29.3 323.2 
SP91 790.4 11.4 3.8 21.8 
SP244 1,561.3 120.0 6.5 4.7 
DBS 447.7 23.9 .2 1.3 
NS3 .5680 -.0050 .0019 .0185 
NS20 1.2377 -.0146 .0056 .0128 
CLll .07860 -.00467 .00023 -.00255 
CLNS .05777 -.00358 .00013 -.00164 
D0150 1,083.1 72.4 15.0 104.0 
D0305 2,552.9 231.0 34.3 214.4 
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Table 20. Variance estimates for herd-year-seasons (H), sires (S), herd-
year-season by sire interaction (SH), and error (E) from 
completely random model for third parity 
" 2 -2 " 2 " 2 
*E (^SH *^s 
PEAK 120.68 -7.85 11.96 87.58 
SUMMIT 93.97 -7.75 10.48 78.49 
Y120 1,032,798. -87,631. 124,580. 974,193. 
Y180 1,919,614. -166,921. 243,834. 1,903,413. 
Y305 5,037,033. -242,602. 551,716. 3,736,046. 
YME 5,294,726. -314,341. 613,647. 3,865,547. 
MILK 5,912,077. -434,401. 598,746. 3,848,321. 
COMP 9,266,806. -514,893. 714,893. 4,398,609. 
ANNUAL 5,634,782. -229,406. 586,600. 3,734,272. 
FB 1,395.7 -14.7 33.3 426.2 
SP91 803.1 14.8 2.5 23.1 
SP244 1,706.5 -38.1 4.5 43.0 
DBS 500.0 -82.8 .5 39.7 
NS3 .5594 .0123 .0019 .0206 
NS20 1.1888 .0320 .0045 .0240 
CLll .08213 -.00233 .00022 -.00284 
CLNS .06340 -.00482 .00011 -.00175 
D0150 1,119.6 28.5 15.0 163.9 
D0305 2,703.6 25.0 39.9 336.6 
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Table 21. Variance estimates for herd-year-seasons (H), sires (S), herd-
year-season by sire interaction (SH) and error (E) from 
completely random model for heifer fertility 
/V 2 /\ 2 2 
^SH *H 
AGEFB 6,563. 1,918. 893. 13,176. 
SP91 851.7 83.8 6.5 454.8 
SP244 2,743. 789. 29. 2,364. 
DBS 1,747. 1,198. -2. 917. 
NS3 .4434 .0065 .0029 .1198 
NS20 .7684 .1274 .0043 .2347 
CLll .07243 .00256 .00007 .00239 
CLNS .05124 -.00015 .00005 -.00005 
AGESB 6,337. 3,285. 1,273. 14,386. 
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Table 22. Contribution of herd-year-seasons (H), sires (S), herd-year-
season by sire interaction (SH), and error (E) to variation 
of yield and fertility for first parity® 






PEAK 52.8 Neg 6.6 40.6 
SUMMIT 51.0 Neg 6.6 42.4 
Y120 49.2 Neg 6.7 44.1 
Y180 46.8 Neg 7.0 46.2 
Y305 48.2 Neg 6.6 45.2 
YME 43.7 Neg 7.9 48.4 
MILK 48.1 Neg 7.1 44.8 
COMP 63.8 Neg 4.5 31.7 
ANNUAL 18.2 Neg 2.0 79.8 
FB 73.0 1.6 1.8 23.6 
SP91 93.9 Neg .5 5.6 
SP244 94.8 Neg .4 4.8 
DBS 95.0 Neg .1 4.9 
NS3 92.6 1,5 .5 5.4 
NS20 95.6 Neg .4 4.0 
CLll 99.7 Neg .3 Neg 
CLNS 99.8 Neg .2 Neg 
D0150 87.8 Neg .9 11.3 
D0305 88.0 Neg .9 11.1 
^Percent of total variance from completely random model. 
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Table 23. Contribution of herd-year-seasons (H), sires (S), herd-year-
season by sire interaction (SH), and error (E) to variation 
of yield and fertility for second parity® 
Source of variation (%) 
Measure 
°SH 
PEAK 54.5 Neg 6.0 39.6 
SUMMIT 50.9 Neg 6.2 42.9 
Y120 48.7 Neg 6.3 45.1 
Y180 48.2 Neg 6.4 45.5 
Y305 56.0 Neg 5.9 , 38.1 
YME 54,3 Neg 6.6 39.0 
MILK 57.3 Neg 6.0 36.6 
COMP 66.6 Neg 4.8 28.6 
ANNUAL 9.1 90.7 .3 Neg 
FB 72,0 7.5 1.7 18.8 
SP91 95.5 1.4 .5 2.6 
SP244 92.2 7.1 .4 .3 
DBS 94.6 5.0 .0 .3 
NS3 96.5 Neg .3 3.1 
NS20 98.5 Neg .4 1.0 
CLll 99.7 Neg .3 Neg 
CLNS 99.8 Neg .2 Neg 
D0150 85.0 5.7 1.2 8.2 
D0305 84.2 7.6 1.1 7.1 
^Percent of total variance from completely randtm model. 
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Table 24. Contribution of herd-year-seasons (H), sires (S), herd-year-
season by sire interaction (SH), and error (E) to variation 
of yield and fertility for third parity® 
Source of variation (%) 
Measure 
^SH "n' 
PEAK 54.8 Neg 5.4 39.8 
SUMMIT 51.4 Neg 5.7 42.9 
Y120 48.5 Neg 5.8 45.7 
Y180 47.2 Neg 6.0 46.8 
Y305 54.0 Neg 5.9 40.1 
YME 54.2 Neg 6.3 39.5 
MILK 57.1 Neg 5.8 37.1 
COMP 64.4 Neg 5.0 30.6 
ANNUAL 56.6 Neg 5.9 37.5 
FB 75.2 Neg 1.8 23.0 
SP91 95.2 1.8 .3 2.7 
SP244 97.3 Neg .3 2.4 
DBS 92.6 Neg .1 7.3 
NS3 94.1 2.1 .3 3.5 
NS20 95.2 2.6 .4 1.9 
CLll 99.7 Neg .3 Neg 
CLNS 99.8 Neg .2 Neg 
D0150 84.4 2.1 1.1 12.4 
D0305 87.1 .8 1.3 10.8 
^Percent of total variance from completely random model. 
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Table 25. Contribution of herd-year-seasons (H), sires (S), herd-year-
season by sire interaction (SH), and error (E) to variation 
of heifer fertility® 
Measure 
Source of variation (%) 
2. 
°SH "s' V 
AGEFB 29.1 8.5 4.0 58.4 
SP91 61.0 6.0 .5 32.5 
SP244 46.3 13.3 .5 39.9 
DBS 45.2 31.0 Neg 23.7 
NS3 77.4 1.1 .5 20.9 
NS20 67.7 11.2 .4 20.7 
CLll 93.5 3.3 .1 3.1 
CLNS 99.9 Neg .1 Neg 
AGESB 25.1 13.0 5.0 56.9 
^Percent of total variance from completely random model. 
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COMP and ANNUAL, measures of yield for first parity (Table 22) had 
similar variance structures; sires accounted for approximately 7% of 
variation and herd-year-seasons about 45%. COMP had a larger error 
variance, and ANNUAL had an extremely large estimate of herd-year-season 
variance. Measures of fertility for first parity consistently had 
minute sire variance and small herd-year-season variance. Nearly all 
variation in conception lag was unexplained. Herd-year-season variance 
was much smaller for measures of fertility than yield. Overall, 
herd-year-season variation was greater for the current study than 
Berger et al. (1981), probably because three seasons in the year were 
considered rather than the customary two seasons. The large number of 
negative estimates of variance for sire by herd-year-season interaction 
possibly reflects the unbalanced nature of the data, but may signal that 
the model was inappropriate. There was no indication of meaningful 
interaction for any measures in first lactation. 
Analogous results for second and third parities are in Tables 23 
and 24. Percentage of sire variance tended to be slightly lower for 
yield. ANNUAL had a peculiarly high estimate for interaction in second 
lactation; no explanation was found. Measures of fertility had error 
variances exceeding 84%, usually 90%, of total variance for all parities. 
Sources of variation for heifer fertility are in Table 25. 
Variances due to herd and to sire by herd-year-season interaction 
generally were much greater for heifers than cows, resulting in a 
substantially reduced error variance for fertility. Sire variation was 
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very small for both heifer and cow fertility, except AGEFB and AGESB 
which approached the level of yield. 
The sizeable interactions of sire and herd-year-season for heifers 
(Table 25) were contrary to cow results. Interaction accounted for 13% 
of variance of AGESB. Lee (1976) found a sire by herd interaction of 
16% for variance of age at calving for heifers. Apparently, the 
daughters of some sires are bred to calve earlier than the daughters of 
other sires; dairymen may treat the daughters of some sires differently 
than others. Another explanation of the interaction may be that 
sire differences in rate of maturity were dependent on herd 
environments, particularly nutrition. Relationships between 
maturity and measures of heifer fertility could have caused the 
interaction. 
Repeatabilities 
Table 26 has repeatabilities of yield and fertility. Measures of 
yield were age adjusted except ME305 and MILK. Departing from results 
of earlier studies, repeatabilities for first and third parity records 
were higher than for second and third parities for all measures of yield 
other than MILK and COMP. First parity yield was superior to second 
parity yield in predicting third parity yield. Few, if any, previous 
estimates of repeatability have been reported for several of the mea­
sures of yield, but all estimates were of similar magnitude. PEAK and 
SUMMIT had lower repeatabilities than cumulative yields except COMP. 
YME and MILK, the mature equivalent measures, had lower estimates than 
Y305. 
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Table 26. Repeatabilities of yield and fertility 
Heifer & Parity 1 & Parity 2 & Parity 1 & 
Measure Parity 1 Parity 2 Parity 3 Parity 3 
(22,664) (56,869) (34,296) (34,188) 
PEAK 1 .431 .351 .398 
SUMMIT .463 .401 .420 
Y120 .501 .451 .454 
Y180 .565 .512 .523 
Y305 .609 .552 .569 
YME .540 .530 .531 
MILK .567 .562 .561 
COMP .402 .460 .323 
ANNUAL .483 .445 .530 
FB .075 .115 .072 
SP91 .019 .071 .078 .058 
SP244 .019 .082 .097 .092 
DBS .019 .031 .042 .027 
NS3 .028 .053 , .056 .031 
NS20 .029 .073 .080 .047 
CLll .018 .033 .041 .015 
CLNS .010 .026 .034 .011 
00150 .097 .127 .082 
00305 .125 .158 .111 
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Repeatabilities of NS20 and D0305 for cows are near the averages 
of studies from Maijala (1964). Repeatabilities were much lower for 
fertility than yield. It appears fertility during a lactation may not 
be very repeatabie in subsequent lactations. Stated another way, cows 
having difficulty conceiving one lactation may have little inclination 
to repeat the difficulty in later lactations. Consecutive parities 
usually had higher estimates than first and third parity repeatabilities. 
Parity two and three repeatabilities were higher than parity one and two 
repeatabilities; possibly effects of permanent environment became 
greater with increased age. DBS, CLll, and CLNS had very low estimates 
of repeatability, indicating little genetic variation could have existed. 
Service period, number of services, and days open each had two 
upper bounds, and in every case the greater upper bound had a higher 
repeatability. Perhaps this was because favored cows that were given 
special treatment in regard to fertility during one lactation probably 
received special treatment in later lactations as well. 
Repeatabilities for heifer and first parity fertility were much 
smaller than corresponding repeatabilities later in life, suggesting 
that heifer and cow fertility may not be closely related. The small 
repeatabilities easily could represent only effects of permanent 
environment. 
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Estimation of Phenotypic and Genetic Parameters 
Variance estimates for yield and fertility 
The method of fitting constants, or Henderson's Method 3, led to 
the square roots of variances in Tables 27, 28, and 29. Yield was age 
adjusted with factors from Tables 15, 16, and 17, except YME and MILK. 
Three seasons per year were used for first and second parities, and two 
seasons were used for third parity. Adequate comparisons within herd-
year-seasons may not have been possible with three seasons for third 
parity. Intra-herd-year-season standard deviations for phenotypes of 
yield are about 75% of the phenotypic standard deviations in Table 3. 
Fertility standard deviations computed intra-herd-year-season are very 
near those in Table 4. Phenotypic variance changed little from parity 
to parity except variance of yield measured early in lactation increased 
with parity. 
Estimates of heritability are in Tables 30, 31, and 32. Yield 
heritabilities in Table 30 were always greater than corresponding 
heritabilities in Table 5 which were not age adjusted. Heritabilities 
of yield are somewhat lower than commonly reported (Maijala and Hanna, 
1974). Yield estimates of heritability decreased as parity increased 
and increased with length of time comprising the measure of yield. 
SUMMIT had a uniformly higher heritability than PEAK; apparently, high 
yields on single test-days were greatly influenced by environment. 
MILK had consistently higher estimates than YME, indicating milk yield 
was more highly heritable than FCM, COMP was nearly constant across 
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Table 27. Intra-herd-year-season phenotypic (P), error (E), and sire (S) 
standard deviations for first parity 
Measure °P *E °S 
PEAK 7.727 7.605 1.370 
SUMMIT 7.069 6.954 1.274 
Y120 773.3 760.4 140.8 
Y180 1,079.0 1,059.6 203.6 
Y305 1,768.8 1,734.1 348.9 
YME 2,200.0 2,156.2 436.6 
MILK 2,385.3 2,330.0 510.8 
COMP 2,810.5 2,775.3 443.7 
ANNUAL 1,883.0 1,846.0 371.3 
FB 36.457 36.316 3.205 
SP91 28.553 28.520 1.376 
SP244 42.116 42.107 .863 
DBS 21.526 21.526 0* 
NS3 .7520 .7498 .0571 
NS20 1.1372 1.1348 .0739 
CLll .2676 .2675 .0075 
CLNS .2273 .2272 .0075 
D0150 33.359 33.231 2.917 
D0305 53.096 52.942 4.045 
a ^ 0  
Negative variance estimate, = -2535.7. 
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Table 28. Intra-herd-year-season phenotypic (P), error (E), and sire (S) 
standard deviations for second parity 
Measure °E °S 
PEAK 10.270 10.177 1.378 
SUMMIT 9.090 9.004 1.250 
Y120 962.2 952.6 135.3 
Y180 1,329.9 1,316.3 189.9 
Y305 2,212.0 2,182.5 360.1 
YME 2,446.6 2,413.9 398.1 
MILK 2,599.5 2,553.5 486.9 
COMP 3,008.7 2,972.9 463.2 
ANNUAL 2,311.6 2,281.0 374.5 
FB 36.572 36.495 2.378 
SP91 28.340 ' 28.290 1.677 
SP244 40.808 40.725 2.602 
DBS 20.987 20.987 0* 
NS3 .7520 .7510 .0399 
NS20 1.1079 1.1065 .0554 
CLll .2735 .2732 .0124 
CLNS .2342 .2339 .0116 
D0150 33.445 33.310 3.007 
D0305 52.321 52.156 4.152 
a ^2 Negative variance estimate, Og = -1632.6. 
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Table 29. Intra-herd-year-season phenotypic (P), error (E), and sire (S) 
standard deviations for third parity 
Measure Cp 
*E *S 
PEAK 11.199 11.115 1.371 
SUMMIT 9.909 9.823 1.298 
Y120 1,042.8 1,033.9 135.6 
Y180 1,426.6 1,413.5 193.5 
Y305 2,323.9 2,294.9 365.7 
YME 2,388.5 2,359.0 374.5 
MILK 2,490.0 2,458.1 397.0 
COMP 3,081.2 3,044.2 475.8 
ANNUAL 2,429.1 2,393.1 417.0 
FB 37.380 37.246 3.164 
SP91 28.629 28.624 .526 
SP244 40.964 40.949 1.115 
DBS 20.552 20.552 0* 
NS3 .7554 .7548 .0303 
NS20 1.1037 1.1025 .0526 
CLll .2826 .2817 .0228 
CLNS .2427 .2420 .0177 
D0150 33.601 33.483 2.816 
D0305 52.414 52.244 4.223 
a  ' ^ 2  Negative variance estimate, Og = -2235.3. 
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Table 30. Heritability estimates from Henderson Method 3, approximate 
standard errors of heritabilities, and coefficients of addi­
tive genetic variation for first parity 
Measure Heritability S.E. C.V. 
PEAK .126 .013 .051 
SUMMIT .130 .013 .050 
Y120 .133 .013 .049 
Y180 .142 .014 .048 
Y305 .156 .015 .054 
YME .158 .015 .053 
MILK .183 .016 .062 
COMP .100 .011 .063 
ANNUAL .156 .015 .056 
FB .031 .006 .073 
SP91 .009 .005 .167 
SP244 .002 .004 .084 
DBS 0* .004 0 
NS3 .023 .006 .091 
NS20 .017 .005 .065 
CLll .003 .005 .185 
CLNS .004 .005 .230 
D0150 .031 .006 .060 
D0305 .023 .006 .075 
^Negative estimate, = -.002. 
80 
Table 31. Heritability estimates from Henderson Method 3, approximate 
standard errors of heritabilities, and coefficients of addi­
tive genetic variation for second parity 
Measure Heritabi1i ty S.E. C.V. 
PEAK .072 .011 .040 
SUMMIT .076 .012 .038 
Y120 .079 .012 .037 
Y180 .082 .012 .037 
Y305 .106 .014 .049 
YME .106 .014 .048 
MILK .140 .016 .058 
COMP .095 .013 .059 
ANNUAL .105 .014 .051 
FB .017 .007 .054 
SP91 .014 .007 .213 
SP244 .016 .007 .268 
DBS 0* .006 . 0 
NS3 .011 .007 .050 
NS20 .010 .007 .063 
CLll .008 .007 .297 
CLNS .010 .007 .339 
D0150 .032 .008 .061 
D0305 .025 .008 .078 
^Negative estimate, h^ = -.001. 
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Table 32. Hen'tability estimates from Henderson Method 3, approximate 
standard errors of heritabilities, and coefficients of addi­
tive genetic variation for third parity 
Measure Heritability S.E. C.V. 
PEAK .060 .012 .036 
SUMMIT .069 .013 .036 
Y120 .068 .013 .034 
Y180 .074 .014 .034 
Y305 .099 .016 .046 
YME .098 .016 .046 
MILK .102 .016 .048 
COMP .095 .015 .057 
ANNUAL .118 .017 .053 
FB .029 .010 .071 
SP91 .001 .007 .065 
SP244 .003 .007 .113 
DBS 0* .007 0 
NS3 .006 .008 .037 
NS20 .009 .008 .060 
CLll .026 .009 .502 
CLNS .021 .009 .477 
D0150 .028 .010 .057 
D0305 .026 .009 .078 
^Negative estimate, = -.002. 
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parities with heritability of .10. ANNUAL and Y305 were about equally 
heritable for first and second parities, but ANNUAL was more heritable 
than Y305 for third parity. 
Heritabilities of fertility concur with studies that found heri-
tabilities at or near zero. Estimates ranged from zero to .03 for all 
measures and all parities. Even with very intense selection, expected 
response should be small. No genetic variation was detected for DBS. 
Heritabilities of CLll and CLNS were not significantly different from 
zero for first and second parities. 
Where two bounds were placed, on measures of fertility, the lesser 
bound always led to a larger estimate of heritability for first parity 
(Table 30). In later parities, (Tables 31 and 32) the lesser bound 
usually had a larger heritability or else was near the heritability 
for the greater bound. Services beyond 3, service periods longer than 
91 days, and days open greater than 150 may have largely resulted from 
preferential treatment of favored cows. Limiting these measures and 
yet permitting reasonable variation apparently allowed genetic variance 
to become a greater portion of total variance. FB and D0150 had the 
largest heritabilities among measures of fertility in first lactation; 
variance of D0150 must be largely dependent on FB rather than SP91. 
The heritability of SP91 was not significantly different from zero for 
any parity group. 00150 had the most consistently high estimate across 
parities. NS3 and NS20 heritabilities declined as parity increased. 
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Philipsson (1980} recommended the use of coefficients of variation 
(Snedecor and Cochran, 1967) based on genetic standard deviations to 
compare the relative amount of genetic variation for traits. Coefficients 
of additive genetic variation are provided in Tables 30, 31, and 32, and 
were calculated by dividing the genetic standard deviation by the mean. 
Yield coefficients went from zero to .50. Philipsson (1980) asserted 
that since fertility coefficients typically are as large as yield 
coefficients, therefore considerable genetic variation exists for 
fertility. Although this contention seems plausible, consideration of 
CLll will demonstrate that it may be debatable. CLll in first parity 
(Table 30) had a heritability of .003 and a coefficient of .185, whereas 
MILK had a heritability of .183 with a coefficient of only .062. The 
coefficient for CLll becomes more ridiculous for third parity (Table 32) 
where it jumps to «502 with a heritability of .026. Coefficients of 
additive genetic variation are greatly dependent on the relative size 
of means. Particularly for measures which are ratios, the coefficient 
may be a poor gauge of genetic variance. 
Yield covariances 
Phenotypic and genetic correlations among measures of yield 
(Tables 33, 34, and 35) indicate that most relationships were large and 
positive. Genetic correlations usually were larger than phenotypic 
correlations. Y305 and ANNUAL were genetically correlated .97. YME 
and MILK were correlated .76, genetically, indicating the degree to 
which the same genes influence milk and FCM, but the phenotypic 
Table 33. Genetic correlations (above diagonal) and phenotypic correlations (below diagonal) of 
yield measures for first parity® 
PEAK SUMMIT Y120 Y180 Y305 YME MILK COMP ANNUAL 
PEAK - .998 .992 .975 .899 .898 .606 .817 .823 
SUMMIT .927 - .995 .971 .875 .875 .582 .787 .796 
Y120 .893 .962 - .989 .915 .913 .617 .841 .840 
Y180 .874 .918 .973 - .960 .959 .665 .896 .899 
Y305 .770 .799 .853 .915 - .999 .765 .972 .968 
YME .763 .791 .845 .905 .993 - .764 .972 .966 
MILK .673 .702 .756 .817 .915 .920 - .807 .759 
COMP .562 .574 .616 .670 .809 .805 .760 - .929 
ANNUAL .718 .744 .796 .859 .902 .897 .824 .651 -
^Approximate standard errors of genetic correlations are in Table 36. 
Table 34. Genetic correlations (above diagonal) and phenotypic correlations (below diagonal) of 
yield measures for second pari ty^ 
PEAK SUMMIT Y120 Y180 Y305 YME MILK COMP ANNUAL 
PEAK - .996 .969 .895 .568 .562 .132 .477 .416 
SUMMIT .943 - .989 .931 .618 .614 .180 .521 .457 
Y120 .888 .952 - .971 .705 .703 .282 .613 .545 
Y180 .831 .892 .967 - .843 .843 .443 .757 .710 
Y305 .659 .714 .801 .889 - .999 .720 .983 .946 
YME .648 .703 .789 .878 .994 - .717 .983 .948 
MILK .573 .626 .711 .801 .921 .926 - .760 .656 
COMP .531 .573 .651 .735 .899 .895 .840 - .932 
ANNUAL .580 .634 .716 .803 .863 .860 .786 .688 -
^Approximate standard errors of genetic correlations are in Table 37. 
Table 35. Genetic correlations (above diagonal) and phenotypic correlations (below diagonal) of 
yield measures for third parity® 
PEAK SUMMIT Y120 Y180 Y305 YME MILK COMP ANNUAL 
PEAK - .996 .951 .818 .320 .264 -.210 .122 .276 
SUMMIT .941 - .986 .880 .407 .358 -.113 .234 .327 
Y120 .880 .948 - .947 .538 .485 .046 .379 .110 
Y180 .820 .884 .966 - .770 .727 .319 .637 .646 
Y305 .644 .705 .798 .889 - .990 .712 .975 .939 
YME .617 .676 .767 .859 .981 - .719 .979 .932 
MILK .531 .589 .681 .776 .906 .925 - .782 .646 
COMP .520 .569 .653 .742 .906 .897 .839 - .930 
ANNUAL .571 .624 .708 .794 .850 .834 .758 .677 -
^Approximate standard errors of genetic correlations are in Table 37. 
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correlation of YME and MILK was .92. Of first parity measures of yield, 
only MILK had genetic correlations less than .75 with other measures 
of yield. 
Correlations for second parity yield (Table 34) tended to be 
somewhat lower, especially for genetic correlations of MILK. Third 
parity yields (Table 35) had correlations that were inclined to be lower 
than second parity. Genetic correlations of MILK with PEAK and SUMMIT 
actually were negative, but not significantly so. Perhaps unusually 
high butterfat percentages for test-days early in lactation caused PEAK 
and SUMMIT to be lowly related to lactational milk yield (MILK). 
Approximate standard errors of the genetic correlations of yield 
are in Tables 36 and 37. All standard errors were less than .05 for 
first parity, .09 for second parity, and .14 for third parity. 
Fertility covariances 
Genetic and phenotypic correlations among measures of fertility 
are in Tables 38, 39, and 40, and approximate standard errors of genetic 
correlations are in Tables 41 and 42. Many of the estimates are forced 
positive due to a part-whole relationship of measures of fertility; as 
examples, FB and SP91 both contribute to D0150, and NS3 and NS20 simply 
have different bounds. Some correlations were of interest, however. 
In first lactation, FB and NS3 were genetically correlated .45 with 
standard error .16, and D0150 and NS3 were genetically correlated .68 
with standard error .10. Due to large standard errors, many estimates 
Table 36. Approximate standard errors of genetic correlations of yield measures for first parity 
SUMMIT Y120 Y180 Y305 YME MILK COMP ANNUAL 
PEAK .003 .004 .007 .018 .018 .046 .034 .027 
SUMMIT .002 .006 .019 .020 .047 .036 .029 
Y120 .002 .014 .014 .044 .030 .023 
Y180 .007 .007 .039 .023 .015 
Y305 .000 .028 .010 .006 
YME .028 .010 .006 
MILK .028 .030 
COMP .020 
Table 37. Approximate standard errors of genetic correlations of yield measures for second parity 
(above diagonal) and third parity (below diagonal) 
PEAK SUMMIT Y120 Y180 Y305 YME MILK COMP ANNUAL 
PEAK - .005 .013 .027 .072 .073 .102 .086 .088 
SUMMIT .008 - .005 .018 .065 .065 .098 .080 .083 
Y120 .021 .008 - .007 .051 .052 .091 .068 .072 
Y180 .049 .032 .014 - .029 .030 .076 .048 .050 
Y305 .119 .105 .087 .048 - .000 .041 .008 .014 
YME .125 .111 .095 .056 .003 - .042 .008 .014 
MILK .128 .131 .137 .111 .053 .052 - .039 .052 
COMP .137 .124 .110 .074 .010 .011 .045 - .026 
ANNUAL .119 .110 .099 .069 .019 .021 .065 .031 
Table 38. Genetic correlations (above diagonal) and phenotypic correlations (below diagonal) of 
fertility measures for first parity* 
FB SP91 SP244 DBS^ NS3 NS20 CLll CLNS D0150 D0305 
FB - .498 1.175 0 .453 .516 .603 .531 .841 1.016 
SP91 -.052 - 1.372 0 .990 .925 .803 .761 .837 .665 
SP244 -.051 .919 - 0 1.791 1.397 .295 .521 1.584 1.078 
DBS^ -.029 .680 .736 - 0 0 0 0 0 0 
NS3 .198 .741 .657 .342 - 1.016 .646 .597 .676 .727 
NS20 .187 .714 .715 .293 .867 - .471 .548 .706 .688 
CLll -.018 .331 .285 .028 .379 .359 - 1.129 .926 .582 
CLNS -.014 .238 .179 -.008 .318 .271 .946 - .836 .561 
D0150 .621 .651 .591 .425 .664 .618 .230 .170 - .979 
D0305 .634 .681 .735 .541 .649 .684 .211 .132 .888 
^Approximate standard errors of genetic correlations are in Table 41. 
^Negative estimate of genetic variance. 
Table 39. Genetic correlations (above diagonal) and phenotypic correlations (below diagonal) of 
fertility measures for second parity® 
FB SP91 SP244 DBS'^ NS3 NS20 CLll CLNS D0150 00305 
FB - .379 .539 0 .784 .387 .594 .391 .874 .862 
SP91 -.053 - .983 0 .938 1.057 -.107 -.194 .772 .795 
SP244 -.050 .926 - 0 1.070 1.288 .105 .023 .816 .888 
DBsb 
-.040 .687 .737 - 0 0 0 0 0 0 
NS3 .212 .730 .654 .336 - .962 -.068 -.170 1.064 1.093 
NS20 .210 .709 .705 .289 .881 - -.053 -.153 .871 .977 
CLll -.018 .342 .300 .036 .393 .367 - 1.065 .549 .466 
CLNS -.012 .244 .189 -.007 .329 .281 .947 - .394 .290 
D0150 .631 .640 .587 .419 .664 .622 .238 .176 - .991 
D0305 .646 .674 .725 .528 .650 .685 .221 .139 .892 -
^Approximate standard errors of genetic correlations are in Table 42. 
^Negative estimate of genetic variance. 
Table 40. Genetic correlations (above diagonal) and phenotypic correlations (below diagonal) of 
fertility measures for third parity® 
FB SP91 SP244 DBgb NS3 NS20 CLll CLNS D0150 D0305 
FB - 1.641 1.328 0 .526 .692 .273 .177 .959 1.049 
SP91 -.068 - 1.165 0 .132 .278 3.047 2.867 1.233 1.346 
SP244 -.059 .925 - 0 .142 .227 1.809 1.859 1.014 1.046 
DBS^ -.052 .693 .741 - 0 0 0 0 0 0 
NS3 .199 .730 .656 .346 - 1.191 1.439 1.372 .510 .406 
NS20 .200 .707 .708 .293 .884 - 1.014 1.036 .478 .444 
CLll -.023 .348 .296 .027 .401 .377 - .969 .738 .627 
CLNS -.023 .251 .190 -.011 .336 .290 .949 - .713 .587 
D0150 .637 .621 .568 .411 .654 .611 .228 .167 - .977 
D0305 .652 .659 .713 .520 .645 .680 .211 .130 .890 -
^Approximate standard errors of genetic correlations are in Table 42. 
^Negative estimate of genetic variance. 
Table 41. Approximate standard errors of genetic correlations of fertility measures for first parity 
SP91 SP244 DBS* NS3 NS20 CLll CLNS 00150 D0305 
FB .280 1.703 0 .157 .177 .596 .440 .070 .064 
SP91 1.109 0 .114 .123 .625 .545 .139 .156 
SP244 0 2.053 1.417 1.352 1.258 1.840 1.031 
DBS® 0 0 0 0 0 0 
NS3 .034 .464 .372 .096 .100 
NS20 .463 .414 .111 .116 
an .200 .658 .518 
CLNS .472 .430 
D0150 .023 
^Negative estimate of genetic variance. 
Table 42. Approximate standard errors of genetic correlations of fertility measures for second 
parity (above diagonal) and third parity (below diagonalj 
FB SP91 SP244 DBS* NS3 NS20 CLll CLNS D0150 D0305 
FB - .371 .358 0 .355 .376 .499 .430 .120 .125 
SP91 4.695 - .034 0 .144 .168 .472 .424 .144 .141 
SP244 1.810 1.092 - 0 .176 .231 .442 .419 .139 .103 
DBS® 0 0 0 - 0 0 0 0 0 0 
NS3 .476 1.955 1.321 0 - .078 .534 .467 .169 .175 
NS20 .400 1.307 1.022 0 .246 - .565 .496 .185 .168 
CLll .265 8.086 2.087 0 .694 .376 - .064 .326 .353 
CLNS .286 7.659 2.233 0 .701 .440 .023 - .306 .339 
D0150 .099 2.787 .949 0 .327 .295 .219 .256 - .026 
D0305 .095 3.030 .853 0 .372 .306 .235 .274 .034 • 
^Negative estimates of genetic variances. 
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of genetic correlation were not significantly different from zero. All 
standard errors of measures involving DBS and SP244 were nonsensical. 
Yield and fertility relationship 
Phenotypic correlations of yield and fertility (Tables 43, 44, and 
45) were modestly positive in most cases. COMP was more highly corre­
lated with fertility than other measures of yield, certainly due to poor 
fertility resulting in long lactations. ANNUAL was negatively correlated 
with all measures of fertility because long calving intervals were 
penalized. Correlations increased in relation to the degree gestation 
was given an opportunity to influence yield. There was no apparent 
trend from first to third parity in phenotypic correlations of yield. 
Tables 46, 47, and 48 have the genetic correlations of yield and 
fertility. Corresponding approximate standard errors are in Tables 49, 
50, and 51. Since DBS had a negative estimate of genetic variance for 
all parities, genetic correlations involving DBS were undefined. 
Standard errors for correlations involving SP244 were not meaningful for 
first parity (Table 49). Genetic correlations for first parity (Table 46) 
were consistently greater than phenotypic correlations (Table 43). 
Again COMP was more highly correlated with fertility than other measures 
of yield, and ANNUAL had smaller correlations with fertility. 
As with phenotypic correlations, genetic correlations increased 
in relation to the degree gestation was given an opportunity to influence 
yield, but the increase was not substantial. PEAK and SUMMIT should be 
completely free of effects of gestation, but SUMMIT was more heritable 
Table 43. Phenotypic correlations of yield (age adjusted) and fertility for first parity 
PEAK SUMMIT Y120 Y180 Y305 YME MILK COMP ANNUAL 
FB .051 .045 .048 .055 .170 .169 .172 .430 -.041 
SP91 .041 .039 .043 .052 .149 .149 .156 .450 -.067 
SP244 .045 .042 .047 .056 .145 .145 .153 .503 -.070 
DBS .022 .021 .025 .031 .093 .093 .099 .364 -.060 
NS3 .045 .045 .048 .055 .161 .160 .164 .437 -.052 
NS20 .057 .054 .057 .066 .164 .163 .168 .482 -.047 
CLll .002 .003 .005 .008 .048 .048 .052 .133 -.033 
CLNS -.001 -.000 .002 .003 .035 .034 .037 .078 -.026 
D0150 .064 .059 .062 .073 .248 .247 .254 .587 -.073 
D0305 .070 .063 .068 .081 .229 .228 .236 .675 -.082 
Table 44. Phenotypic correlations of yield (age adjusted) and fertility for second parity 
PEAK SUMMIT Y120 Y180 Y305 YME MILK COMP ANNUAL 
FB .071 .068 .077 .089 .209 .209 .213 .386 -.087 
SP91 .046 .047 .057 .068 .168 .167 .173 .365 -.141 
SP244 .051 .054 .066 .079 .174 .173 .180 .410 -.139 





NS3 .056 .054 .060 .067 .179 .178 .182 .361 -.127 
NS20 .059 .059 .067 .078 .184 .182 .187 .395 -.123 
CLll .025 .026 .027 .024 .057 .055 .053 .112 -.058 
CLNS .023 .022 .021 .015 .040 .038 .034 .065 -.043 
D0150 .087 .085 .095 .109 .284 .283 .291 .501 -.160 
D0305 .088 .088 .103 .122 .278 .277 .285 .574 -.166 
Table 45. Phenotypic correlations of yield (age adjusted) and fertility for third parity 
PEAK SUMMIT Y120 Y180 Y305 YME MILK COMP ANNUAL 
FB .038 .043 .053 .066 .185 .202 .208 .354 -.138 
SP91 .035 .042 .053 .067 .168 .165 .172 .354 -.150 
SP244 .040 .048 .062 .081 .176 .174 .182 .403 -.149 
DBS .017 .024 .034 .049 .119 .122 .129 .287 -.115 
NS3 .045 .048 .055 .063 .171 .171 .179 .345 -.151 
NS20 .050 .054 .063 .074 .176 .174 .180 .380 
00 t—1 
CLll .030 .030 .034 .032 .064 .061 .062 .114 -.053 
CLNS .025 .023 .026 .021 .045 .042 .044 .068 -.036 
D0150 .053 .062 .076 .094 .270 .283 .294 .480 -.198 
D0305 .058 .068 .085 .109 .265 .276 .286 .550 -.210 
Table 46. Genetic correlations of yield (age adjusted) and fertility for first parity® 
PEAK SUMMIT Y120 Y180 Y305 YME MILK COMP ANNUAL 
FB .163 .171 .184 .168 .165 .172 .252 .373 -.014 
SP91 .390 .333 .396 .442 .492 .493 .421 .538 .351 
SP244 .730 .656 .795 .872 1.006 1.001 1.070 1.071 .811 
DBsb 0 0 0 0 0 0 0 0 0 
NS3 .147 .124 .168 .182 .201 .200 .119 .334 .100 
NS20 .310 .296 .348 .366 .399 .395 .367 .474 .299 
CLll .506 .430 .411 .373 .315 .325 .209 .216 .083 
CLNS .309 .215 .176 .147 .140 .150 .009 .092 -.066 : 
00150 .280 .262 .296 .304 .338 .341 .368 .488 .143 
00305 .278 .271 .309 .312 .336 .340 .417 .504 .155 
^Approximate standard errors of genetic correlations are in Table 49. 
^Negative estimate of genetic variance. 
Table 47. Genetic correlations of yield (age adjusted) and fertility for second parity® 
PEAK SUMMIT Y120 Y180 Y305 YME MILK COMP ANNUAL 
FB .037 .073 .074 .062 .085 .091 .339 .131 -.171 
SP91 .245 .249 .335 .341 .398 .383 .409 .468 .203 
SP244 .307 .302 .369 .381 .475 .469 .446 .569 .269 
DBS^ 0 0 0 0 0 0 0 0 0 
NS3 .338 .366 .408 .335 .400 .373 .418 .503 .125 
NS20 .231 .251 .295 .262 .412 .391 .432 .578 .209 
CLll .652 .578 .505 .400 .270 .263 .109 .306 .149 
CLNS .549 .486 .410 .309 .164 .165 -.023 .190 .098 
D0150 .184 .201 .241 .238 .275 .274 .429 .337 .001 
D0305 .202 .212 .249 .245 .311 .310 .443 .386 .045 
^Approximate standard errors of genetic correlations are in Table 50. 
^Negative estimate of genetic variance. 
Table 48. Genetic correlations of yield (age adjusted) and fertility for third parity® 
PEAK SUMMIT Y120 Y180 Y305 YME MILK COMP ANNUAL 
FB -.407 -.260 -.193 -.096 .002 .106 .274 .132 -.257 
SP91 -.318 .093 .320 .576 .774 .622 1.435 .733 .259 
SP244 -.616 -.312 -.083 .215 .657 .631 1.082 .714 .363 
DBsb 0 0 0 0 0 0 0 0 0 
NS3 -.169 .013 .063 .086 .020 -, 068 .252 -.063 -.225 
NS20 -.158 .016 .113 .156 .155 .127 .251 .106 -.071 
CLll .144 .197 .189 .138 .056 .010 .049 .077 -.166 
CLNS .088 .133 .135 .081 .027 -.019 .071 .034 -.179 
D0150 -.248 -.090 .003 .099 .144 .180 .390 .184 -.167 
D0305 -.418 -.228 -.123 .016 .170 .236 .472 .257 -.095 
^Approximate standard errors of genetic correlations are in Table 51. 
''Negative estimate of genetic variance. 
Table 49. Approximate standard errors of genetic correlations of yield (age adjusted) and fertility 
for first parity 
PEAK SUMMIT Y120 Y180 Y305 YME MILK COMP ANNUAL 
FB .110 .109 .109 .107 .105 .105 .100 .099 .108 
SP91 .190 .185 .189 .190 .184 .184 .176 .162 .190 
SP244 1.039 .948 1.119 1.212 1.358 1.351 1.439 1.311 1.170 
DBS* 0 0 0 0 0 0 0 0 0 
NS3 .122 .122 .121 .119 .116 .116 .115 .113 .120 
NS20 .137 .137 .136 .134 .128 .128 .126 .117 .137 
CLll .455 .415 .404 .384 .349 .353 .306 .322 .290 
CLNS .290 .268 .261 .254 .248 .249 .235 .260 .244 
D0150 .108 .108 .107 .105 .099 .098 .096 .087 .108 
D0305 .120 .119 .118 .117 .110 .110 .106 .091 .120 
^Negative estimate of genetic variance. 
Table 50. Approximate standard errors of genetic correlations of yield (age adjusted) and fertility 
for second parity 
PEAK SUMMIT Y120 Y180 Y305 YME MILK COMP ANNUAL 
FB .197 .195 .192 .191 .178 .178 .163 .179 .185 
SP91 .214 .212 .211 .208 .190 .190 .182 .175 .206 
SP244 .201 .198 .196 .193 .176 .176 .168 .154 .195 
DBS® 0 0 0 0 0 0 0 0 0 
NS3 .241 .240 .239 .233 .213 .212 .205 .199 .222 
NS20 .250 .248 .247 .242 .228 .227 .221 .212 .242 
CLll .339 .322 .306 .289 .256 .255 .234 .259 .255 
CLNS .286 .275 .265 .254 .230 .230 .216 .235 .232 
D0150 .151 .149 .146 .145 .131 .131 .116 .124 .142 
D0305 .166 .163 .160 .159 .142 .142 .129 .129 .157 
^Negative estimate of genetic variance. 
Table 51. Approximate standard errors of genetic correlations of yield (age adjusted) and fertility 
for third parity 
PEAK SUMMIT Y120 Y180 Y305 YME MILK COMP ANNUAL 
FB .193 .189 .190 .187 .176 .173 .165 .172 .174 
SP91 1.154 .795 1.132 1.698 2.125 1.737 3.885 1.893 1.045 
SP244 .902 .627 .525 .553 .856 .831 1.320, .816 .682 
DBS® 0 0 0 0 0 0 0 0 0 
NS3 .380 .361 .362 .354 .330 .327 .330 .329 .358 
NS20 .320 .308 .308 .302 .276 .277 .276 .277 .278 
CLll .205 .197 .198 .194 .181 .182 .181 .182 .177 
CLNS .223 .214 .215 .211 .196 .197 .195 .198 .191 
D0150 .197 .192 .194 .188 .172 .170 .156 .169 .176 
D0305 .200 .195 .198 .196 .175 .172 .156 .165 .180 
^Negative estimate of genetic variance. 
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than PEAK; therefore, SUMMIT was the measure used to evaluate the 
relationship of early lactation yield and fertility. During first 
lactation (Table 46), FB was correlated approximately .17 with both 
SUMMIT and Y305. SP91 was correlated .33 with SUMMIT and .49 with Y305, 
even though the heritability of SP91 was not significantly different 
from zero. NS3 was correlated .12 with SUMMIT and .20 with Y305. 
Approximate standard errors of CLll and CLNS were large enough that 
little could be concluded about these measures; however, the estimates 
of genetic correlation with yield were rather large for these two 
measures. D0150 and D03G5 were about equally correlated with yield, 
but standard errors were smaller for DDI50. D0150 was correlated .26 
with SUMMIT and .34 with Y305. Estimates involving SUMMIT and ANNUAL 
were similar for SP91 and NS3, but the estimates involving ANNUAL were 
lower than those with SUMMIT for FB and D0150. 
Distinct and antagonistic genetic relationships of yield with FB, 
SP91, SP244, NS3, NS20, D0150, and D0305 were confirmed for first parity. 
Genetic correlations of yield and fertility for second parity 
(Table 47) were usually smaller than for first parity, except measures 
of conception lag and number of services. Standard errors tended to 
be larger for second parity (Table 50) than first parity. Still, some 
genetic antagonism of yield and fertility appeared certain. 
Third parity estimates of genetic correlation (Table 48) and 
approximate standard errors (Table 51) indicated that relationships of 
yield and fertility could not be conjectured with confidence. Often the 
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standard errors were larger than the estimates of correlation, and many 
correlations were negative. Lower estimates for third parity, however, 
may simply indicate that cows which survived until third parity were 
those cows that had little antagonism of yield and fertility for earlier 
parities. 
Hahn (1969) suggested differences in fertility may best be observed 
under stress conditions. Cows must adjust to new environments, differ­
ent feeding regimes, and milk flow during first lactation which may 
place them in more stressful conditions than they will experience during 
later lactations. This may be another explanation for the substantial 
antagonism of yield and fertility for first parity, moderating antagonism 
for second parity, and lack of relationship for later parities. 
Heifer Fertility 
Means, standard errors, and intra-herd-year-season standard 
deviations for virgin heifers are in Table 52. Two year-seasons were 
used in this analysis to provide additional comparisions with herd-year-
seasons. Compared to first parity means (Table 4), heifer fertility was 
poorer for measures of service period, conception lag, and DBS, whereas 
NS3 and NS20 had nearly identical means. Mean AGEFB corresponded to a 
calving age of 27.7 months, and mean AGESB implied an actual calving 
age averaging 29.6 months. 
Heritabilities in Table 53 indicated heifer fertility generally was 
a bit more heritable than cow fertility. AGEFB and AGESB had even 
higher heritabilities, and the .16 estimate of AGESB would suggest that 
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Table 52. Means, standard errors, and intra-herd-year-season phenotypic 
(P), sire (S), and error (E) standard deviations for heifer 
fertility 
Measure J S.E. Op Og 
AGEFB 563.4 146.2 94.648 93.936 11.585 
SP91 29.1 37.3 31.240 31.117 2.770 
SP244 48.4 76.7 60.731 60.417 6.159 
DBS 42.5 61.7 53.327 53.273 2.406 
NS3 1.64 .76 .6813 .6790 .0554 
NS20 1.74 1.06 .9509 .9474 .0806 
CLll .092 .279 .2733 .2732 .0081 
CLNS .070 .227 .2252 .2252 .0031 
AGESB 621.4 152.9 101.133 99.143 19.962 
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Table 53. Heritability estimates from Henderson Method 3, approximate 
standard errors of heritabilities, and coefficients of addi­
tive genetic variation for heifer fertility 
Measure Heritability S.E. C.V. 
AGEFB .060 .014 .041 
SP91 .031 .010 .190 
SP244 .041 .012 .255 
DBS .008 .007 .113 
NS3 .026 .010 .068 
NS20 .029 .010 .092 
CLll .004 .007 .176 
CLNS .001 .007 .090 
AGESB .156 .025 .064 
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a reasonable response could be anticipated from selection. A6ESB may 
be related to genetic differences in maturity. DBS, CLll, and CLNS 
essentially were not different from zero. 
Correlations among measures of heifer fertility are in Table 54, 
with approximate standard errors of genetic correlations in Table 55. 
DBS, CLll, and CLNS had very large standard errors which rendered the 
correlations involving these measures very suspect. Other measures 
were positively related. 
Terminal records for first parity were included for heifer analyses 
involving PEAK, SUMMIT, Y120, and Y180. Analyses involving the remaining 
measures of yield were without terminal records for first parity because 
terminal records between 180 and 305 DIM were extended and gestation 
effects on yield were unknown. 
Table 56 has the phenotypic correlations of heifer fertility and 
first parity yield. Correlations were slightly positive but near zero, 
except for correlations involving AGEFB and AGESB which were near zero 
but negative. 
Genetic correlations of heifer fertility and first parity yield are 
in Table 57. Approximate standard errors (Table 58) were large for DBS, 
CLll, and CLNS; all other measures had reasonable standard errors. 
Genetic correlations were consistently negative for all measures of 
heifer fertility except conception lag. Reverse results were obtained 
for relationships of heifer and first parity fertility with yield. 
Daughters of sires with high transmitting abilities for yield tended to 
Table 54. Genetic correlations (above diagonal) and phenotypic correlations (below diagonal) for 
heifer fertility® 
AGEFB SP91 SP244 DBS NS3 NS20 CLll CLNS AGESB 
AGEFB - .901 .948 1.225 .620 .671 -.826 -2.249 .966 
SP91 -.203 - .977 1.156 1.022 1.028 .595 .414 .957 
SP244 -.291 .887 - 1.175 .968 .944 .413 .130 1.006 
DBS -.143 .493 .557 - 1.253 1.223 1.335 2.316 1.169 
NS3 -.145 .835 .692 .276 - 1.022 .778 .478 .779 
NS20 -.160 .747 .672 .207 .883 - .838 .587 .777 
CLll -.022 .224 .159 -.009 .396 .389 - 1.605 -.230 
CLNS .004 .149 .076 -.032 .332 .294 .937 - -1.129 
AGESB .668 .415 .459 .235 .344 .352 .091 .051 -
^Approximate standard errors of genetic correlations are in Table 55. 
Table 55. Approximate standard errors of genetic correlations for heifer fertility 
SP91 SP244 DBS NS3 NS20 CLll CLNS AGESB 
AGEFB .201 .183 .582 .221 .213 .905 9.853 .036 
SP91 .027 .354 .038 .056 .683 2.016 .093 
SP244 .342 .073 .075 .608 1.251 .066 
DBS .479 .498 1.647 10.428 .445 
NS3 .028 .680 2.012 .128 
NS20 .718 2.454 .121 
CLll 4.619 .463 
CLNS 4.964 
Table 56. Phenotypic correlations for heifer fertility and first parity yield (age adjusted) 
PEAK SUMMIT Y120 Y180 Y305 YME MILK COMP ANNUAL 
AGEFB -.039 
S







 1 -.024 -.004 -.002 
SP91 .023 .021 .018 .015 .012 .007 -.009 .020 .006 
SP244 .009 .007 .001 -.002 -.003 -.005 -.020 .008 -.007 
DBS .007 .004 .002 .003 -.001 .001 -.009 .002 -.005 
NS3 .026 .024 .022 .021 .020 .010 -.003 .020 .016 
NS20 .029 .029 .024 .023 .024 .015 .006 .023 .016 
CLll .020 ,022 .023 .027 .025 .018 .018 .014 .024 
CLNS .018 .020 .023 .027 .024 .017 .020 .015 .020 









Table 57. Genetic correlations for heifer fertility and first parity yield (age adjusted)® 
PEAK SUMMIT Y120 Y180 Y305 YME MILK COMP ANNUAL 
AGEFB -.408 -.434 -.458 -.525 -.482 -.480 -.249 -.389 -.582 
SP91 -.179 -.212 -.242 -.263 -.227 -.235 -.172 -.236 -.115 
SP244 -.166 -.179 -.200 -.223 -.217 -.228 -.100 
CM 1 
-.084 
DBS -.117 -.205 -.246 -.310 -.351 -.357 .377 -.281 -.183 
NS3 -.063 -.107 -.119 -.118 -.151 -.152 -.187 -.164 -.100 




-.150 -.098 -.109 -.097 
CLll .387 .182 .128 .132 ob ob ob ob ob 
CLNS .517 .107 -.058 -.090 0= 0= 0= 0= OC 
AGSB -.283 -.298 -.317 -.368 -.353 -.361 -.175 -.328 -.352 
^Approximate standard errors of genetic correlations are in Table 58. 
Negative estimate of sire variance for CLll. 
^Negative estimate of sire variance for CLNS. 
Table 58. Approximate standard errors of genetic correlations for heifer fertility and first 
parity yield (age adjusted; 
PEAK SUMMIT. Y120 Y180 Y305 YME MILK COMP ANNUAL 
AGEFB .144 .139 ,138 .133 .165 .166 .171 .182 .161 
SP91 .183 .178 .178 .177 .190 .189 .185 .202 .195 
SP244 .169 .166 .166 .165 .174 .173 .171 .184 .179 
DBS .310 .309 .313 .318 .397 .397 .393 .405 .375 
NS3 .195 .191 .192 .191 .199 .198 .192 .211 .202 
NS20 .190 .186 .186 .186 .204 .204 .198 .218 .207 
CLll .561 .467 .455 .454 0* 0* 0* 0* 0* 
CLNS 2.422 1.022 .950 .991 0* 0* 0* 0* 0* 
AGESB .125 .122 .121 .118 .130 .130 .134 .141 .132 
^Negative estimate of sire variance for fertility. 
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have hindered fertility in first lactation but improved fertility as 
virgin heifers. 
Normally cause and effect can not be deduced from correlations, 
but the relationships in this study may permit such inference. 
Increased yield actually may be favorably related to improved fertility 
as heifer results suggested, but stress of increased yield may cause 
deterioration of the genetic potential for improved fertility. Genetic 
correlations of heifer and first parity fertility tended to be negative 
but many were not significantly different from zero, indicating that 
heifer and first parity fertility may be essentially unrelated even 
though they had opposing relationships with first parity yield. 
Only heifers with confirmed first parity fertility were considered 
for correlations of heifer and first parity fertility. Phenotypic 
correlations are in Table 59, and all are near zero. Genetic correla­
tions are in Table 60 with standard errors in Table 61. The standard 
errors are large enough that little could be concluded about the genetic 
correlations, but estimates involving FB, D0150, and D0305 were rather 
substantially and consistently negative. 
Heifer fertility appeared unrelated or negatively related to first 
parity fertility as was earlier implied by the repeatability estimates. 
These results concur with Maijala (1964) and Metz and Politiek (1970), 
but contradict the conclusions of Janson (1980b). 
Table 59. Phenotypic correlations for heifer fertility and first parity fertility 
First parity fertility 
Heifer 
fertility FB SP91 SP244 DBS NS3 NS20 CLll CLNS D0150 D0305 
AGEFB .018 -.010 -.008 .008 -.013 -.018 -.011 -.014 .009 .006 
SP91 .002 .040 .033 .026 .038 .032 .016 .017 .027 .028 
SP244 .013 .027 .020 .018 .025 .019 .007 .007 .029 .025 
DBS .026 -.006 -.006 -.018 .007 .011 .004 .002 .016 .014 
NS3 -.022 .051 .041 .036 .039 .033 .024 .024 .017 .018 
NS20 -.013 .052 .041 .026 .041 .037 .028 .025 .028 .023 
CLll -.015 .019 .012 .007 .019 .012 .020 .021 ,006 -.001 
CLNS -.013 .024 .018 .009 .025 .017 .023 .025 .007 .005 






-.008 .029 .024 
Table 60. Genetic correlations for heifer fertility and first parity fertility® 
First parity fertility 
Heifer 
fertility FB SP91 SP244 DBS^ NS3 NS20 CLll^ CLNS^ D0150 D0305 
AGEFB .351 -.084 .022 0 -.152 -.127 0 0 .067 .154 
SP91 -.678 .064 .084 0 .092 .177 0 0 -.366 -.268 
SP244 -.642 -.017 .008 0 .013 .190 0 0 -.403 -.302 
DBS -.558 -.105 .236 0 .062 .236 0 0 -.400 -.133 
NS3 -.527 .139 .163 0 .203 .286 0 0 -.284 -.142 
NS20 -.427 .216 .291 0 .230 .420 0 0 -.167 -.028 
CLllb 0 0 0 0 0 0 0 0 0 0 
CLNS^ 0 0 0 0 0 0 0 0 0 0 
AGESB -.053 -.100 -.046 0 -.114 -.001 0 0 -.156 -.062 
^Approximate standard errors of genetic correlations are in Table 61. 
'^Negative estimate of sire variance. 
Table 61. Approximate standard errors of genetic correlations for heifer fertility and first parity 
fertility 
First parity fertility 
Heifer 
fertility FB SP91 SP244 DBS® NS3 NS20 CLll* CLNS* D0150 D0305 
AGEFB .306 .299 .302 0 .274 .270 0 0 .256 .247 
SP91 .335 .319 .322 0 .293 .287 0 0 .268 .261 
SP244 .303 .293 .296 0 .269 .263 0 0 .242 .237 
DBS .663 .599 .615 0 .548 .548 0 0 .542 .498 
NS3 .349 .328 .332 0 .301 .294 0 0 .281 .274 
NS20 .356 .336 .339 0 .309 .299 0 0 .290 .283 
CLll* 0 0 0 0 0 0 0 0 0 0 
CLNS* 0 0 0 0 0 0 0 0 0 0 
AGESB .240 .232 .235 0 .214 .210 0 0 .198 .193 
^Negative estimate of sire variance. 
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Alternative Estimates of Heritability 
ML and REML estimates of heritability and sire standard deviations 
for first parity are in Table 62. ML estimates were obtained only for 
Y305 and MILK, and REML estimates only for Y180, Y305, MILK, and D0150 
due to cost limitations. ML and REML parameters of yield converged 
very slowly. The common intercept approach aided convergence; nonethe­
less, numerous rounds of iteration were necessary after the point of 
intersection was obtained. 
ML estimates of heritability for Y305 and MILK agree well with the 
.41 estimate for MILK of Rothschild et al. (1979). Because degrees of 
freedom for herd-year-seasons were not taken into account, ML estimates 
were biased. 
REML estimators were considered superior to the other two methods 
of obtaining components of variance. Degrees of freedom for herd-year-
seasons were accounted for, and sires were treated as a random effect 
in the linear equations. REML heritabilities were .20 for Y180 and .23 
for Y305 and MILK, near expected values for milk yield. D0150 was the 
only measure of fertility evaluated by REML, and convergence was 
attained on the first round of iteration. The magnitude of the ratio 
of error to sire variance may explain the differing rates of convergence 
for yield and fertility. When heritability was .233 the ratio was 16.2, 
but when heritability was .031 the ratio became 128.0. 
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Table 62. Estimates of heritability and sire standard deviation from 
Henderson Method 3, restricted maximum likelihood (REML), 




Method 3 REML ML Method 3 REML ML 
Y180 .142 .204 - 203.6 245.6 -
Y305 .156 .233 .440 348.9 431.5 487.5 
MILK .183 .232 .437 510.8 578.9 652.7 
DDI 50 .031 .031 2.917 2.923 
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Application of Index 
European countries index dairy traits including yield and fertility 
(Gaillard et al., 1977). Inskeep et al. (1961) proposed modifying sire 
proving programs to obtain progeny information on fertility. Janson 
(1980b) submitted that in order for appropriate conclusions to be made 
regarding the efficiency of selection for fertility, entire selection 
programs must be considered. Philipsson (1980) suggested that relation­
ships between yield and fertility be considered when constructing 
indices for total merit. Kragelund et al. (1979) supposed that indices 
which restrict change in fertility may have application. 
In the current study, indexing was performed strictly among sires, 
and sires were considered to be a random sample from the population. 
One standard deviation of selection on the index was accomplished based 
on progeny performance. Genetic variances for the index were REML 
estimates for Y305 and D0150 in first parity (Table 62). Genetic 
covariances were Henderson Method 3 estimates (Table 46). Correlated 
responses for heifer SP91 were based on variance and covariance estimates 
from Henderson Method 3 (Tables 52, 57, and 60). 
Economic weights were established by considering the relative value 
of milk and days open. Louca and Legates (1968) indicated that each 
additional day open resulted in the loss of the value of 5.3 lbs FCM. 
SpeiCher and Meadows (1967) reported a $.50 decrease in economic returns 
for each additional day open between 86 and 117, and a $.78 decrease 
per day for days open beyond 117. If the two estimates of loss are 
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averaged and FCM is valued at $.12 per lb, then each additional day open 
resulted in the loss of 5.3 lbs FCM, the same estimate obtained by 
Louca and Legates (1968). 
In a more recent study. Olds et al. (1979b} found that each 
additional day open between 40 and 140 in first lactation resulted in 
$.71 less income over feed cost. Converting to FCM equivalent with a 
milk price of $.12 per lb resulted in the loss of the value of 6.9 lbs 
FCM for each additional day open. 
Willett and Ehlers (1981) reported that herd average yields were 
highest for calving intervals of 383 days, corresponding to 103 days 
open. Lengthening the calving interval beyond 383 days resulted in 
differential losses per day. Greatest loss was for calving intervals 
of 435 days or more. The loss of 435 days open was $1.71 per day or the 
value of 13.6 lbs FCM. 
Table 63 has responses to selection with an infinite number of 
progeny per sire. Selection solely for Y305 or D0150 is illustrated 
in Figure 1. Responses for heifer SP91 were correlated responses to 
whatever selection was applied. Selection solely for Y305 resulted in 
863 lbs of increased Y305, a correlated increase of 1.6 days for D0150, 
and a decrease of 1.1 days for heifer SP91. Selection solely for 
decreased D0150 resulted in 5.8 days decrease in D0150, but Y305 
declined 236 lbs and heifer SP91 increased 2.5 days. 
Figure 2 shows linear responses to alternative economic weights. 
Considerable economic weight must be placed on D0150 to influence the 




Economic weight for index 







Yield (Y305) 863. 862. 861. 855. 812. 674. 830. -236. 
Heifer fertility (SP91) -1.1 -1.0 -1.0 -.8 -.3 .6 -.4 2.5 
First parity fertility (D0150) 1.6 1.4 1.2 .8 -.4 -2.3 0 -5.8 
^Economic weight for index is the value of one unit (day) of fertility expressed in units 

























































Value of 1 Day Open (lbs FCM) 
Figure 2. Response to index selection with complete accuracy of sires 
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index to a meaningful extent. Restricting the index to constant D0150 
required a sacrifice of 33 lbs Y305 and .7 days heifer SP91 compared 
to selection solely for Y305. 
Only limited numbers of progeny can be considered in progeny proving 
programs. Approximately 80 daughters currently contribute to initial 
sire evaluations in the United States. Table 64 has results from index 
selection with 80 daughters per sire. Results resemble those for an 
infinite number of daughters, but responses were somewhat more modest 
as is illustrated in Figure 3. Selecting solely for decreased D0150 
resulted in only 3.6 days change. The restricted index permitted sub­
stantial gain in yield but yet required a sacrifice of 49 lbs Y305 and 
.6 day heifer SP91 compared to selection solely for Y305. 
Results indicated that index selection may affect change in 00150 
only slightly. Within the probable range of economic weights for current 
consideration in Figures 2 and 3, a negligible influence of 00150 was 
displayed by this index. As an example, suppose variances and covari-
ances of Y305 and D0150 remain constant in the future, and sire selection 
is based on 80 progeny per sire. Then an increase of 16,407 lbs Y305 
would result in a correlated increase of 30 days open from the variance 
and covariance structures of this study. Practically speaking, any 
dairyman would certainly accept a calving interval of one month longer 
if yield was doubled. This example may not be realistic because the 
structure of variances and covariances may change with extreme selection. 
Furthermore, the variances and covariances were merely sample estimates, 
subject to sampling error. 
Table 64. Response to index with 80 daughters per sire for sire selection 
Economic weight for index^ 
Trait 
Yield 






Heifer fertility (SP91) 
First parity fertility (00150) 
787. 787. 787. 785. 767. 699. 738. -146. 
-1.0 -.9 -.9 -.8 -.6 -.2 -.4 1.6 
1.5 1.2 1.1 1.0 .5 -.4 0 -3.6 
^Economic weight for index is the value of one unit (day) of fertility expressed in units 
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Figure 3. Response to index selection with 80 daughters per sire 
129 
Cochran (1951) suggested that variances and correlations of traits 
are reduced by selection, but Parker et al. (1969) employed simulation 
techniques to conclude that usual selection in animals would have little 
affect upon genetic correlations unless heritabilities were very high. 
However, logic dictates that fertility may eventually be markedly 
suppressed by extreme selection for a productive trait. What constitutes 
extreme selection for a trait is unknown until accomplished. 
The antagonism of Y305 and D0150 acted to favor index emphasis on 
Y305 because the genetic variance of D0150 was so small. Y305 would 
have been favored even more if the relationship between Y305 and D0105 
had been more antagonistic. With its small genetic variance, D0150 could 
not effectively overcome the sacrifice in yield that was necessary. 
Restricted index selection would seem to have potential if fertility 
must be maintained. 
Berger and Harvey (1971) reported genetic correlations from response 
to index selection were near those from mass selection when traits were 
positively correlated. Rutledge et al. (1973) concluded that with 
antagonistic index selection, the pieitropic effects of genes may be 
more powerful in retarding responses than genetic theory would suggest. 
Perhaps problems may be encountered with index selection for antagonistic 
traits. If genes with pleitropic effects influencing yield and fertility 
are predominately genes that increase yield, then the accompanying loss 
in fertility may merely be response to the stress of yield. Efforts to 
genetically improve yield and fertility may indeed be unsuccessful. 
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Responses to selection for quantitative traits usually are predicted 
with genetic theory involving assumptions that include random mating 
in infinite populations. Even in large populations such as United 
States Hoi steins, individuals can have an immense impact on the entire 
population. Especially with AI and progeny evaluations, a few bulls 
can dominate a breed for generations. The detection of individual bulls 
that are extreme for economically important traits, in this case daughter 
fertility, would seem meritorious. However, the slight genetic variance 
of fertility suggests that genetic differences among sires may not be 
large. 
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SUMMARY AND CONCLUSIONS 
HeritabiTitles for measures of yield were moderate and within the 
range of previous estimates. Measures of fertility had heritabilities 
from zero to .03 for lactating cows. Heritabilities of virgin heifer 
fertility tended to be slightly higher than cow fertility. 
Three measures of fertility, DBS, CLll, and CLNS, evaluated rate 
of early embryonic death and ability of cows to cycle regularly. DBS 
gave no indication of being heritable. CLll and CLNS had negligible 
estimates of heritability except for third parity. 
Alternative upper bounds were placed on service period, number of 
services, and days open, and the lesser bound consistently had the 
higher estimate of heritability for first parity; other parity estimates 
were not appreciably different for the two bounds. Apparently, beyond 
a certain point, increased numbers of services, days open, and service 
period had large environmental variances. This could have reflected 
preferential treatment of favored cows. Therefore, the measures NS3, 
D0150, and SP91, along with FB, received major attention. 
Measures of yield for early stages of lactation had slightly 
positive estimates of phenotypic correlations, whereas measures of 
cumulative yield later in lactation became increasingly more positive 
in relation to the effect of gestation. Phenotypic correlations of 
yield and fertility were in accord with previous studies. 
Genetic correlations of first parity yield and fertility were 
sizeable and positive being less influenced by stage of lactation 
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compared to phenotypic correlations. Considerable genetic antagonism 
was detected, but it may be of limited consequence because estimates of 
genetic variance of fertility were near zero. Numerous previous 
studies (Dunbar and Henderson, 1953; Everett et al., 1966; Miller et al., 
1967), using varied methods of analysis, arrived at equivalent conclusions. 
Genetic correlations of heifer fertility and first parity yield 
were opposite in sign from first parity fertility and yield, and most 
estimates of genetic correlation between heifer and first parity 
fertility were not significantly different from zero. Increasing yield 
may improve genetic potential for fertility, but stress of increased 
yield may overcome the genetic potential for improved fertility. 
Y305 and D0150 for first parity were considered with index selec­
tion. Sires were evaluated on progeny performance. D0150 had a very 
small influence on the index. When economic weights were allowed to 
vary, gains in first parity D0150 were largely offset by correlated 
losses in heifer SP91. Restricted index selection, holding D0150 
constant, exhibited potential for application but required placing 
considerable economic weight on D0150. 
Substantial genetic antagonism of yield and fertility was detected 
only for first parity. Antagonism moderated for second parity, most 
correlations were not significantly different from zero for third parity, 
and correlations were opposite in sign for virgin heifers. Therefore, it 
appears antagonism for first parity should be of major concern; but as 
suggested by Young (1977), longer calving intervals for first parity may 
133 
not appreciably lessen economic returns because first parity cows often 
are especially persistent in yield. 
Since heritabilities of fertility ranged from zero to .03, 
environmental variance accounted for 97% to 100% of variance in fertility. 
Consequently, management was the major cause of fertility variation. 
When poor herd fertility is prevalent, opportunities probably exist to 
improve reproductive management. The majority of variation in yield 
also is dependent on management. If a satisfactory environment can be 
provided to express genetic potential for yield, then it also should be 
possible to provide an adequate environment for acceptable fertility. 
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